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ADVERTISEMENT. 


In  presenting  to  the  public  this  third  and  concluding  volume  of  Natural 
Philoiophy^  it  seems  requisite  to  offer  a  few  remarks  concerning  the  plan 
adopted  for  the  arrangement  of  the  originally  disjointed  portions.  To  those  who 
would  have  wished  that  it  had  been  more  systematic,  it  may  be  observed  that 
the  several  Treatises  were  composed  so  that  the  subjects  might,  as  much 
as  possible,  be  individually  perfect,  and  independent  of  one  another ;  and  this 
necessarily  tended,  not  only  to  occasion  repetitions  when  collected  into  volumes, 
but,  in  some  degree,  to  break  the  thread  which  would  have  united  them  in 
one  genera]  science. 

The  object  of  Natural  Philosophy  is  the  investigation  of  those  principles 
which  are  to  be  considered  as  inherent  in  matter^  and  by  the  agency  of  which 
the  changes  in  the  relative  positions,  modifications,  and  internal  combinations 
of  the  several  masses  (or  separate  bodies)  are  produced.     These  are, — 

I.  The  Effects  of  Force  or  Impulse,  and  its  modes  of  Propagation.      iT' 
II.  The  Effects  of  the  Pressure  and  Motion  of  non-elastic  Fluids. 
III.  The  EffecU  of  Air,  and  similar  elastic  Fluids. 
IV.  The  Effects  of  Caloric,  or  the  principle  of  Heat. 
V.  The  Phenomena  of  Light  and  Colours. 
VI.  The  Phenomena  and  Effects  of  the  Electric  and  Magnetic  Fluids. 

VII.  The  Effects  of  the  principle  of  Gravitation. 

The  FiasT  of  the  preceding  divisions  is  investigaletl  in  the  tliree  Treatises  on 
Mechanics,  in  Vol,  I. ;  and  in  the  Introduction  to  Mechanics.  Vol.  II. 

The  Second  U  treated  of  un«ler  \\w  i\iks  Hydrostatics  and  Hydraulics, 
Vol.  I.,  and  the  Introduction  to  Hydrostatics,  Vol.  II. 

The  Third  is  treated  of  under  the  titles  Pneumatics,  Vol.  I.,  and  Iniro' 
duction  to  Pneumatic8^Wo\,  II. 

Tlie  Fourth  is  treated  of  under  the  titles  Heat,  Vol.  I.,  and  Thermometer 
and  Pyrometer^  Vol.  II. 

The  Fifth  is  copiously  treated  under  the  several  heads  of  Optics,  Double 
Xe/raction,  and  Polarization  of  Light,  Vol.  I. ;  and  of  Introduction  to  Optics^ 
Sir  Isaac  NemUnCs  Optics,  and  Optical  Instruments^  Vol.  U. 


vi  ADVERTISEUENT. 

The  Sixth,  with  an  account  of  the  latest  discoveries,  will  be  found  under 
B'ectricilyy  Galvanism,  Magndiimand  Electro'tnagnetism,  Vol.  II.  And 

TheSavENTH  is  the  Astronomy  of  the  present  volume,  an  Introduction  to 
which  is  prefixed  to  Vol.  II. 

To  the  Treatises  on  Astronomy^  and  the  History  of  that  science,  it  was 
judged  proper  to  append  Mathematical  Geography.  The  Treatise  on  Physical 
Geography  is  less  connected  with  the  principal  portion  of  the  volume,  but 
naturally  follows  that  division  of  Geography  which  is  termed  Mathematical. 
Navigation^  as  far  as  it  is  a  science,  is  wholly  dependent  on  Astronomy,  and 
as  such  is  not  considered  to  be  out  of  place. 

The  discoveries  of  modern  Chemistry  have  raised  it  from  an  art  to  the  rank 
of  a  science ;  and  there  would  have  been  no  impropriety  in  including  it 
in  the  general  system  of  which  we  now  speak.  In  such  an  arrangement  it 
would  have  stood  thus  :** 

VI I L  Tlie  Effects  of  Corpuscular  Attraction  on  the  Combination  and 
Decomposition  of  fiodies ; 
and  the  Treatises  on  the  subject  would  have  formed  a  Fouarn  Volume  of 
Natural  Philosophy.  It  has,  however,  been  judged  advisable  to  follow  the 
usual  practice ;  and,  therefore,  the  several  Treatises  (of  v/hich  four  have 
already  appeared)  will,  when  completed,  be  collected  and  published  in  a  sepa* 
rate  volume,  under  the  title  of  Chemistry. 

October,  1834. 
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SRRATA. 


AcTROHomr.  ^ 

Page  5,  column  2,  line  17  from  the  bottom,  deU  *  each  of.' 

10,  2,  Sf/or  *  of  motion,*  read  *  of  his  motion.' 

19,  1,         16  from  the  bottom,/or  E8,  E«,  read  ES.,  E«j. 

13  from  the  bottom, /or  K«g,  read  E«^. 
2,         14,  for  «,«,«*!  read  «,«(«,• 

20,  2,         33,  for  /^,  read  /. 

34,  for  «./(,  read  «,/. 
26,  1,         41  and  44,  for  /'e'  H,read  t^f  tf  r/, 

28,  2,  4  in  the  note,/or  S,  read  »^. 

12  in  the  note,/or  ES>,  read  ES^. 

29,  2,         45,for/,  e'r/,read  V«'»'i'- 

32,  2,         last,/orS,rrA/S,. 

33,  2,  add  to  the  first  note,  « At  the  points  Z  and  Y  therefore  these 

circles  are  for  a  short  space  parallel  to  each  other,  or  the 
sun  has  no  perceptible  motion  Northward  or  SouUiwaid: 
at  the  point  T  his  course  makes  an  angle  =  ZY  with  tht 
equator,  which  is  necessarily  its  gpreatest  inclination  to  it : 
or  his  motion  Northward  is  then  most  rapid :  the  condutions 
referred  to  in  the  note  in  page  23,  col.  i.' 

13,  in  the  note,/or  P^^  P/,  read  P#,  P/. 

31  and  32, /or  <  a  motion  from  left  to  right  in  those  already  referred 
to,*  read  *  from  left  to  right  where  the  North  pole  is  above 
the  hurixon.* 

35,/or  < on  its'  read  *  on  in  its/ 

10,/or  *nO*' read  <  110* ';  and /or  « 133100'  read  « 1331000.' 

3b,  for  *  from '  read  *  for.* 

top  line  to  be  transferred  to  the  foot  of  column  2. 

figure  31  reversed. 

12,  prefix  VI.  to  mark  the  section. 
far '  Chapter  XIII,'  read  <  Chaptbr  XIV 
HiiTOKY  OP  Astronomy. 

06,  1,         10,/or  < being  carried'  read  'carrying.' 
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2, 

39, 

1, 

47, 

1, 

61, 
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64, 

1. 

81, 

1, 

in. 

231, 

1, 

253, 

1, 

ASTRONOMY. 


Introductory  Obtervattons.  it  is  only  within  the  last  two  hundred 

Iif  treating  of  any    science  which  is  years  that  its  true  principles  have  been 

grounded  upon  physical  facts  and  ap.-  at  all  generally  received ;  it  is  only  from 

pearances,  two  courses  are  generally  the  time  of  Newton  that  they  have  been 

open.    We  may  begin  with  a  statement  adequately  explained. 
of  the  results  observed,  and  by  gradual        In  the  present  treatise,  neveiiheless, 

investigation  extricate  from  them  the  the  results  of  observation  will  not  be 

principles  on  which  they  depend :  or  else,  explained  from  principles  assumed  in 

if  these  principles   have   been    ascer-  the. first  instance,  but  the  principles  of 

tained,  we  may  liegin  by  stating  them,  astronomy  will  be  deduced,  as  far  as 

and  may  deduce  from  them  the  con*  they  can    be  so  without  complicated 

sequences  which  would  follow  on  the  mathematical  investigation,  from  obser- 

supposition  of  their  truth ;  and  finally,  vation.  There  are  severe  reasons  which 

by  comparing  these  consequences  with  seem  to  render  this  the  most  desirable 

the  appearances  presented  by  Nature,  course  of  proceeding,  although  adopted 

and  ilnding  them   to  correspond,  we  at  the  sacrifice  of  much  conciseness, 

may    satisfy    ourselves    of   the    truth  and  of  any  very  logical  precision  of 

of   those  principles  which   we    origi-  arrangement 

nally  assumed.  The  former  is  ne-  The  present  treatise  is  principally 
cessarily  the  course  of  discoveiy  ;  addressed  to  a  class  of  readers  not  ba- 
the latter  is  often  the  most  concise  bitually  accustomed  to  severe  reasoning, 
and  convenient  method  of  instruction  and  is  intended  for  those  who  know 
after  the  discovery  has  been  made,  nothing  of  astronomy  when  they  enter 
In  some  cases  there  is  little  prac-  upon  its  perusal;  and  to  them  the 
tical  distinction  between  the  two  me-  course  which  we  have  preferred  will  pro- 
thods ;  for  instance,  tile  fundamental  bably  be  at  once  more  interesting  and 
principle  of  Hydrostatics  is  the  equal  more  intelligible  than  the  other.  The 
pressure  of  fluids  in  all  directions ;  and  general  appearances  of  the  heavens,  the 
the  fact  that  they  do  press  so  is  one  of  succession  of  day  and  night,  the  appa- 
the  first  and  most  obvious  results  of  ob-  rent  courses  of  ine  heavenljr  liodies,  are 
servation  and  experiment ;  and  from  the  objects  of  interest  and  curiosity  to  all, 
time  that  it  is  ascertained,  the  experi-  however  ignorant  of  the  laws  which  re- 
mental  and  hypothetical  mode  of  dis-  gulate  them,  or  the  consequences  which 
cassins;  the  subject  may  very  nearly  may  be  deduced  from  them.  And  they 
coincide.  In  other  sciences,  on  the  con-  are  not  only  interesting,  but  to  a  certain 
trary,  the  first  effect  of  oliservation  is  extent  familiar ;  sufficiently  so  to  perplex 
to  lead  us  to  conclusions  very  distant  the  reader  of  statements  apparently  at 
from  the  fundamental  principles  which  variance  with  them,andtodeprive  him  of 
we  finally  adopt,  or  even  at  variance  the  greatest  satisfaction  that  the  student 
with  them.  In  these  cases  the  simpler  of  a  new  science  can  feel,  the  power  of 
and  shorter  mode  of  instruction  will  at  once  comparing  his  deductions  with 
generally  be  the  second  which  we  have  facts,  and  convincing  himself  experi- 
mentioned.  Among  these  sciences  As*  mentally  of  the  soundness  of  his  reason- 
tronomy  is  eminently  distinguished ;  for  ings  by  the  accuracy  of  the  results  to 
almost  all  the  immediate  results  of  obser-  which  they  lead  him.  A  mind  habi- 
vation  are  contrary  to  its  tnie  principles,  tuated  to  close  reasoning  upon  merely 
audit  is  not  without  much  labour  and  hypothetical  truth  may  be  satisfied  with 
reasoning  that  the  truth  can  be  extri-  out  such  confirmation ;  yet  it  is  agree- 
cated  from  the  mass  of  error  in  which  it  able  to  all,  and  to  those  which  have  not 
is  involved.  Astronomy  has  been  a  fa-  been  thus  exercised  it  is  almost  neces- 
vourite  study  from  the  earliest  periods :  sary ;  but,  on  the  hypothetical  8ystem» 
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it  is  the  last  point  they  arrivb  at.  We  be  perfectly  intelligible  to  every  one  who 
have  therefore  preferred  that  course,  is  acquainted  with  the  common  relations 
which  begins  by  stating  and  classifying  of  number  and  quantity.  With  a  view 
appearances  of  general  interest,  and  by  to  facilitate  such  a  course,  all  the  more 
explaining  them  in  a  manner  consistent  complicated  mathematical  investigations 
with  popular  observation ;  especially  as  (of  which,  however,  none  run  into  diffi- 
we  thus  very  early  arrive  at  conclusions  culty,  for  the  fuller  development  of  the 
of  high  importance,  which  depend  on  subject  is  reserved  for  a  treatise  of  a 
those  appearances,  and  follow  from  them  purely  scientific  character)  have,  as  far 
as  necessary  consequences,  in  whatever  as  possible,  been  removed  from  the  text 
manner  they  are  themselves  finsdly  ex-  into  notes*,  and  certain  portions  of  the 
plahied.  text  itself,  of  too  much  importance  to 

This  however  is  not  the-  only  object  the  general  progress  of  the  aeduction  to 
sought  in  the  adoption  of  the  proposed  be  thus  removed,  are  included  between 
course.    One  of  ^e  most  important  and    brackets,  in  cases  where  they  have  ap- 

lal>orious  exercises  of  the  mind  consists  peared  likely  to  offer  difficulty  to  any 

in  extracting  from  complicated  results  class  of  readers.     In  these  mstances 

the   simple  principles  on   which  they  care  has  beentaken,  wherever  the  r^ult 

depend,  in  developing  truth  from  Uie  deduced  is  of  importance  to  the  future 

mass  of  confusion   which  often  con-  course  of  the  reasoning,  to  state  it,  if 

ceals  it.     There  is  no   department  of  possible,  in  terms  intelligible  to  those 

science  which  furnishes  so  long  and  so  who  are  unable  to  pursue  its  investi- 

euriousljT  connected  a  train  of  uas  kind  gation,  and  thus  to  enable  them  to  re- 

of  investigation  as  Astronomy :  none  in  sume  the  thread  of  the  general  argument 

which  the  process  is  more  curious,  or  With  all  these  assistances,  however,  it 

the  results  more  satisfactory.     It  has  is  impossible  to  remove  some  degree  of 

also  this  additional  advantage,  that  it  difficulty  and  abstruseness  even  from  the 

is  capable  of  being  made  inteUigible  in  most  popular  parts  of  the  treatise :  a 

its  general  outlines,  almost  without  re-  long  process  of  investigation  cannot  be 

liBrence  to  mathematical  investigation  ;  followed  without  thought  and  diligence, 

and  with  none  which  requires  more  ftnd  the  results  of  reasoning  from  thebr 

than  a  very  limited  portion  of  mathe-  very  nature  can  only  be  comprdhtended 

matical  acquirement.    It  consequently  by  some  effort  of  reason  and  attentioa 
seems  to  furnish  to  those,  whose  atten-        It  may  be  necessary  to  remark,  that 

tion  has  not  been  directed  to  the  severer  while  we  profess  to  deduce  our  principles 

studies,  some  opportunity  of  applying  from  the  first  and  fundamental  observa- 

that    peculiar  discipline  to  the   mind  tions,  we  do  not  pretend  to  follow  the 

which  those  studies  best  furnish,  and  historical  course  of  discovery.    For  our 

which  moral  and  metaphysical  inquiries,  purpose  the  class  of  objects  yriaoh  pe- 

from  the  more  vague  and  quadified  cha-  sent  the  most  simple  phraomena  requnres 

racter  of  the  elements  on  which  they  the   first    attention :    in  the  historical 

depend,  almost  entirely  ftdl  in  affording,  course  of  investigation,  the   most   re« 

In  speaking  of  the  truths  of  Astro-  markable    appearances  were  probably 

nomy  as  admitting  of  explanation,  al-  those  which  first  attracted   attention, 

most  without  recourse  to  mathematical  <uid  thus  furnished  the  groundwork  of 

investigation,  we  only  mean  that  the  theor3r.    All  that  we  profess  to  do,  is 

fundamental  observations  and  principles  to  point  out  those  observations  from 

admit  of  being  stated  intell^bly,  and  which  we  may  most  readily  and  eon- 

that  much  reasoning  may  be  grounded  clusively  deduce  the  principles  of  which 

upon  them  without  introducing  it.    Of  we  are  in  search :  and  in  so  doing  we 

course  however  a  sciencewhich  is  con  ver-  shall  often  call  attention  at  an   early 

sant  entirely  with  mathematical  relations  period  to  facts  and  appearances,  easily 

can  only  be  established  on  mathematical  ascertained  when  the  attention  of  an  ob- 

principles.    Those  therefore  who  are  un-  server  is  directed  to  them,  but  which  pro- 

acquamted  with  the  elements  of  mathe-  hably  excited  little  attention  till  the  pro- 

roatics,  cannot  follow  the  whole  process  gT^ss  of  science  showed  their  importance, 

of  the  deduction;  but  thev  mav  trace  at       •  on. 1 — ;; TTTT — i:^ — 

t ...  ^     \  ^      -^  \\  There  are  some  note*  also,  which  have  been 

least  its  general  course,  assuming  the  cor-  liuerted  in  that  shape,  not  on  acconnt  of  their  dtf- 


rectness  of  those  mveetlgations  whichthev  **^"'*y'  ^"'  *»  bearing  only  an  incidcat«l  relatloB  to 

ftro  nnahio  t/\  nr/ieA««iitA  K..I- «»u;~     *u  •  the  text.    That  there  may  be  no  confoiton  between 

are  UnaDle  to  prosecute,  but  taking  their  the  two  clataea  of  note*,  the  notea  which  prewnt 

results  as  the  elements  of  a  new  train  of  <^T  mathematical  difficnlty  wm,  aa  wen  m»  the 

/wwoning,  which  will,  in  many  cases,  bwclTctt.^*****'  "*'  ^  ^"^  ^  ^•'^  ** 
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SiCTioif  1  .^Fir»t  Observations  on  the 
Stare — Divinon  into  ConsteUatione-^ 
Daily  rotaUon  of  the  Heavens. 

To  an  observer  situated  anywhere  upon 
the  earth,  the  hoivens  offer  the  appear- 
ance of  a  vast  concave  vault,  m  the 
centre  of  which  he  is  himself  placed, 
and  which  is  bounded  bv  a  plane  ex- 
tending to  the  skjT ;  this  plane  is  called 
Vie  hc^zon^  and  itself  appears  circular. 
In  this  vault  we  perceive  several  diffe- 
rent sorts  of  bodies :  the  sun  visible  by 
day  only  (for  its  sinking  below  the  ho- 
rizon terminates    the  day,   when  that 
word  is  used  in  opposition  to  night) ;  the 
moon  visible  either  by  day  or  by  night ; 
and  the  stars  (among  which,  for  the 
present,  we    include   the  planets   and 
comets)  visible  generally  bv  night  only. 
All  these  bodies  appear  to  the  eye  to  be 
situated  in  the  vault  itself :  for,  we  have 
DO  means,  bv  mere  ocular  observation 
at  a  single  place,  of  estimating  their  re- 
spective distances,  and  we  consequently 
refer  all  alike  to  one  imaginary  surface 
in  which  they  appear  to  be  placed,  and 
which,  as  we  find  no  apparent  difference 
in  their  (iUstanon,  we  imagine  to  be 
spherical.     A  slight  dc»nree  of  obser- 
vation will  shew  that  all  these  objects 
(Murtake  generally  of  one  common  mo- 
tion.   Tm  sun  and  moon,  from  their 
great  apparent  siie,  and  the  remarkable 
changes  of  their  situation  and  appear- 
ance, more  forcibly  attract  our  attention 
than  any  others ;  but  the  stars,  on  ao- 
eount  of  their  number  and  the  oppor- 
tunities  which   thejr    in    consequence 
afford  for  comparative  observations,  as 
well  as  from  ottier  circumstances  which 
will  heneanfter  be  explained,  are  the  pre- 
ferable objects  for  the  first  and  funda- 
mental ol)servations. 

A  very  moderate  degree  of  attention 
is  enou^  to  assure  us  that  the  stars, 
with  the  exception  of  a  few  caWedplanets*, 
from  a  Greek  word  signifying  wanderers, 
always  hold  very  nearly  the  same  posi- 
tions with  respect  to  each  other.  If  we 
consider  a  few  stars  to  form  a  group,  we 
mav  observe  this  group  night  after  n^ht, 
and  its  shape  and  appearance  will  be 
always  the  same.  There  are  not  any- 
where in  the  heavens  different  groups  of 
stars  of  considerable  extent,  so  resem- 
bling each  other  that  an  observer  can 
be  in  any  danger  of  mistaking  one  group 

*  Tb«  cometi  BM17  be  considered  m  •  cine  of 
plaotU. 


f>r  the  other.   And  Its  the  groups  cannot 
be  mistaken,  the  individual  stars  com- 
posing them  may  thus  be  certainly  re- 
cognised, however  any  single  stars  in 
each  mav  resemble  each  other  in  mafpii- 
tude,  colour,  and   brightness.     Being 
thus  able  to  recognize  a  star  which  we 
have  once  observed,  we  may  prosecute 
our  observations   upon  it  night  after 
night,  and  year  after  year.     For  the 
immediate  ot)servations  of  an  indhri- 
dual  no  more  than  this  is  requisite ; 
but  when  he  wants  to  register  their  re- 
sults, or  to  inform  others  of  their  nature, 
it  is  evident  that  he  can  no  lon^  be 
satisfied  with  this  mere  power  of  identi- 
fying to  his  own  satisfaction  the  parti- 
cular star  which  he  observes  at  different 
tiroes,  but  he  must  have  some  means  of 
distinguishing  between  the  different  stars 
which  he  has  himself  observed,  and  of 
announcing  to  others  which  it  is,  among 
all  the  heavenly  bodies,  to  which  he  has 
especially  applied  his  attention.     For 
this  purpose  we  again  have  recourse  to 
tlKise  groups  of  stars,  by  which  we  ori- 
ginally   distinguished    each    particular 
star  from  every  other.    These  groups, 
when  divided  for  the  convenience  of  re- 
ference, are  called  constellations,  (t,  e, 
collections  of  stars,)  a  name  which  is 
idso  applied  to  those  portions  of  the 
heavens  which  they  respectively  occupy; 
and  the  whole  surface  of  the  heavens 
has  been  long  divided  in  this  manner. 
The  divisions  are  arbitrary  in  them- 
selves, and  often,  perhaps,  ill  chosen ; 
but  as  the  only  real  use  of  them  is  for 
the  convenience  of  reference,  the  one 
important  object  is  to  have  a  single  re- 
ceived standard;   and  it  would  conse- 
quently be  very  undesirable  to  alter 
tnem  even  for  the  purpose  of  making 
what   would   originally   have   been   a 
simpler  and  more  distinct  division.  The 
surface  of  the  heavens  being  thus  divided 
into  constellations,  consisting  'each  of  a 
moderate  number  of  stars,  the  stars  in 
each  are  catalogued,  and  are  arranged 
nearly  in  the  order  of  their  apparent 
brightness ;  the  brightest  stars  being  de- 
signated by  the  earlier  letters  of  the 
Greek  alphabet,  the  less  bright  by  the 
later  letters  of  the  same ;  and  if  there  be 
more  stars  in  the   constellation  than 
there  are  letters  in  that  alphabet,  other 
alphabets,  generally  the  snudl  Italic  and 
la^e  Roman  alphabets,  are  used  to  de- 
note the  stars  next  in  importance,  and 
if  all  the  stars  in  the  constellations  are 
not  thus  distinguished,  tbft  \«aa\.  e«iv- 

sklerabto  ot  al\  ai9  c«X«]U>m«dL  V|  imm.^ 
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opposite  to  P,  p  will  be  (he  other  pole  haying  evexy  point  in  it  eouidittant  from 

of  the  Mune  circles ;  or  there  tre  two  the  same  point  P,  they  aU  would,  as  be- 

fixed  points,  one  P  foimd  by  obser^  fore,  be  parallel  circle.   Again,  as  each 

▼ation,  the  other  p  deduced  from  it,  to  of  them  is  described  in  consequence  of 

which  the  motion  of  the  stars  may  be  the  same  general  motion  of  rotation  of 

equally  referred.    O  being  the  centre  of  the  whole  sphere,  each  would  be  de- 

ttie  sphere,  will  be  apoint  in  the  line  scribed  in  the  same  time ;  namely,  the 

which  joins  P,  p.     The   stars  which  time  of  that  rotation ;  and  in  the  same 

are  seen  to  describe  their  whole  circle  manner,  in  any  portion  of  that  time, 

round  the  pole  are  called  drcumpolar  each  star  would  describe  the  same  por- 

stars.    We  shall  also  find,  that  m  the  tion  of  its  own  circle ;  namely,  the  same 

time  in  wtiu^  any  particular  star  de-  portion  of  that  circle  which  the  sphere 

scribes  a  third  or  fourth  part,  or  any  describes  of  a  complete  revolution.    All 

given  portion  of  its  cbcle,  dl  others  de-  these  are  the   appearances  which  we 

scribe  the  same  portion  of  theirs  ;  and  have  already  seen  that  the  heavens,  in 

consequently  they  aU  continue  in  the  fact,  present. 

lame  positions  with  respect  to  each  The  appearances  presented  bv  the 
other,  though  their  places  vary  with  re-  motions  of  the  stars  may  then  be  ac- 
spect  to  the  horizon  and  the  observer.  counted  for  on  the  supposition  that  the 
Having  thus  fkt  asoerlained  the  ap-  sphere  of  the  heavens  revolves  round  an 
pearances  which  the  stars  present,  let  us  axis  joining  P,  p,  The)^  cannot  be  ex- 
tee  if  we  can  thence  deduce  any  concli:^  plained  however  on  this  supposition, 
•ions  respecting  the  occasion  of  them,  except  by  supposing  that  the  sphere 
For  this  purpose  let  us  suppose  the  be-  ?oes  through  a  complete  revolution. 
misphere,  U  Q  P  N,  to  be  made  a  com-  Hie  motion  of  a  star  which  is  seen  to 
plete  sphere,  as  is  done  by  the  dotted  rise  and  set,  as  that  whose  path  is 
tines  in  the  figure.  I^et  us  also  suppose  T  Q  R,  might  be  explained  by  imagining 
that  the  whole  sphere  has  a  motion  df  the  sphere  to  make  only  a  part  of  a  re- 
rotatbn  rohnd  a  line  joining  P,p,  which  volution;  and  the  magnitude  of  that 
iscalled<Atfa2:t#;  but  that  HRNT,  the  {lart  would  depend  on  the  nropor- 
horixon,  or  the  line  in  which  the  plane  tion  which  the  visible  path  T  Q  K  bore 
bounding  the  visible  hemisphere  meets  to  the  whole  cirde  of  which  it  formed 
the  heavens,  continues  fixea :  and  let  us  a  part;  but  the  stars  which  never 
see  what  would  be  the  appearances  pre-  set,  as  that  whose  path  is  U  X  V  Y, 
sented  in  such  a  case.  Let  us  take  the  are  seen  to  describe  the  whole  circle, 
easeofastar  upon  the  horizon  at  T.  It  and  their  motion  therefore  can  only 
is  clear  that,  as  by  the  rotation  of  the  be  thus  explained  on  the  supposition 
sphere  it  was  transferred  from  T,  it  of  a  complete  revohition  of  the  heavens 
would  appear  to  move  in  a  line  of  which  on  the  axis  Pp.  If  however  this  be 
every  pomt  was  equidistant  from  P,  for  the  case,  the  motions  of  the  stars  which 
every  point  in  that  line  would  be  deter*  sink  below  the  horizon  must  also  be 
mined  by  the  actual  distance  of  the  star  continued  below  it,  pr  they  will  describe 
from  P.  Its  apparent  path  therefore  below  it  the  remaining  parts  (those  re- 
would  be  a  portion  of  a  circle,  every  presented  by  the  dotted  lines)  of  the 
point  of  which  is  equidistant  finomP;  circles  TQRB,  tqrb.  Let  us  see  if 
and,  in  point  of  fact,  we  have  already  we  have  any  means  of  discovering,  by 
seen  that  it  is  sa  In  the  same  manner,  observation  or  reasoning,  whether  they 
if  there  be  a  star  which  never  falls  below  do  so. 

the  horizon,  and  whose  distance  from  P  The  first  remark  that  occurs  on  this 

ia  PV,  its  apparent  path  wouki  be  a  Question,  isthat  the  supposition  that  they 

circle,  of  which  every  point  is  at  the  describe  below  the  horizon  the  remain- 

same  distance  P  V  from  P,  or  it  would  der  of  the  circle,  of  which  they  are  seen 

be  represented  by  a  circle,  UXVY,  to  describe  part  above  it,  at  once  ac- 

which  we  have  already  seen  to  represent  counts  for  one  circumstance  that  seems 

the  apparent  path  of  a  star  which  never 

sets  •.     Each   of  these  circles,  thus  do-  Jf  *o»«  *'»«  ImpreMion  la^  made  by  it  (See  Trea- 

•cribed  by  the  motion  of  different  stars,  S? th.To^S^;  e^„d;S,'pi«.nf  fhe  tSpT^.^ndlo^i" 

—  — —  ing  a  circle  upon  It,  of  which  every  point  will  be 

*  These  positions  may  be  thus  illustrated  :— If  eouidlMtant  from  the  extremity  of  the  axis  upon 

you  take  a  top,  or  any  body  which  you  can  spin  which  the  top  spins.    The  apparent  track  of  the 

with  great  steadiness  and  accuracy,  and  place  a  point  is  of  course  the  same,  whctiier  its  motion  be 

spot  of  ink  upon  It,  and  then  spin  it  with  great  .  quick  or  slow }  but  by  the  rapidity  of  its  motion 

▼elocitv,  so  that  the  spot  returns  to  the  same  we  gain  the  advantage  of  actually  seeing  the  whole 

Slaee  In  leM  tUae  than  It  necetfary  for  the  eye  traok  at  once. 
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to  admit  of  no  other  explanation.    We    in  the  opposite  points,  6,  b,  to  those,  Q, 
trace  the  path  qf  a  star  from  its  risings:  ^    9*  where  the  upper  part  of  it  met  them 
T,  to  its  settinis;  at  R,  and  then  lose    above  the  horizon;  and  as  Q,  9,  were  the 
sight  of  it ;  but  on  the  next  night  we    points  most  elevated  above  the  horizon, 
asram  see  it  appear  at  the  same  point,  T.    B,  b,  will  be  those  most  depressed  below 
We  know  therefore  that  the  star  is  in  it ;  or  in  other  words,  every  heavenly 
some  vray  transferred  from  the  point  R,  body,  which  siitks  below  the  horizon  of 
vrhere  it  sets,  to  the  point  T,  where  it  a  {Murticular  place,  will   be  most  de- 
rises;  and  the  most  probable  way  in  pressed  below  it,  when  it  passes  the 
which  we  can  suppose  this  transference  meridian  of  thatplace  below  the  horizon, 
effected,  is  the  continuation  l)e]ow  the  and  of  course  oelow   the  pole.     We 
horizon  of  the  same  motion  which  it  had  have  already  seen  a  corresponding  re- 
when  al)Ove  it,  or  the  description  of  that  suit  with  r^pect  to  circumpolar  stars, 
chrde,  R  B  T,  which  it  would  describe  on  when  they  cross  the  meridian  below  the 
the  supposition  that  the  whole  heavens  pole  though  above  the  horizon, 
revolve  round  the  observer.  As  yet  we  have  only  considered  the 
If  however  we  take  the  case  of  a  star  conclusions  which  an  observer,    con- 
rising  just  at  the  time  when  the  stars  fined  to  a  single  point  on  the  earth's 
begin  to  appear  in  the  evening,  and  surface,  would  arrive  at  on  this  sub- 
settinp^  as  day  In^eaks  on  the  following  ject    We  will  now  proceed  to  examine 
momtng,  it  is  evident  that  its  path  be-  now  they  wUl  be  affected  by  a  corn- 
tow  the  horizon,  if  it  be  described  at  all,  parison  with  the  results  of  other  obser^ 
most  be  descrilied  Ytj  day ;  or  that  the  vations,  made  at  a  different  place.    The 
same  motion  of  revolution  continues  by  account  which  we  have  gnren  of  the 
day,  whidi  we  seem  to  have  ascertained  observations  made  at  one  plaoe,  ap- 
to  exist  by  night     Does  observation  plies  with  equid  correctness  to  all ;  that 
then  confirm,  or  disprove  this  conclu-  is  to  say,  an   observer  situated  amr- 
sion?    The  sun  and  moon  are  visible  where  upon  tiie  earth,  finds  that  the 
by  day,   but  their  motions,  although  apparent  paths  of  the  stars  are  circles, 
they   generally  confirm   it,    are  of  a  or  portions  of  circles,    each    having 
more  complicated  nature,  and  we  there-  every  point  in  it  equidistant  firom  two 
fore  do  not  wish  to  draw  our  infer-  fixed  points,  one  in  the  observed  hea- 
ences  on  this  point  from  them ;  and  vens,  and  one  in  the  other  part  of  the 
the  stars  are  not  visible  to  the  unas-  sphere,  supposed  to  be  completed,  and 
sisted  eye  when  the  sun  is  al>ove  the  each  bisected  l^  a  line  passing  through 
horizon.     The   telracope   however,  in  the  visible  fixea  point,  and  dividing  the 
tiie  hands  of   a  skilful  observer,  for  visible  heavens  into  two  equal  portions, 
only  such  a  one  can  make  the  observa-  In  each  case  therefore,  this  line  is  what 
tions  necessary  for  this  purpose,  re-  we  have  termed  the  meridian  of  the 
moves  this  difficulty ;   with  it  he  can,  place  of  observation ;  and  every  place 
even  when  the  day  is  brightest,  ascertain  therefore  has  a  meridian,  passing  through 
the  positions  from  time  to  time,  and  a  fixed  and  immoveable  point  in  the 
consequently  the  motions,  of  many  of  heavens.     The  position  of  this  point 
the  brighter  stars;  and  the  result  of  may  be  ascertained  by  observation  at 
these  observations  is,  that  the  stars  are  each  particular  place,  and  it  is  found 
ascertained  to  describe  in  the  day-time  to  l>e  the  same  at  all ;  the  other  extxe- 
the  same  courses  which  they  are  easily  mity  of  the  axis  also  is  the  same  in 
seen  to  trace  in  the  night :  and  we  con-  each  place. 

seqi^uently  come  to  the  conclusion  that  We  come  therefore  to  this  conclusion, 
thenr  motions  may  be  accurately  com-  that  the  axis  P  p  round  which  the  re- 
prehended and  explained,  on  the  sup-  volution  of  the  heavens  takes  place  is  a 
position  that  the  whole  heavens  revolve  fixed  and  determined  line,  not  depend- 
about  an  axis,  passing  through  the  po-  ing  on  the  situation  of  the  observer ; 
sition  of  the  observer,  and  carry  the  ami  this  is  one  circumstance  neoessaiy 
particular  stars  with  them  in  then-  re-  to  the  establishment  of  our  theory,  that 
ydution.  the  apparent  motions  of  the  stars  may 
If  this  be  so,  and  the  meridian  of  the  be  attributed  to  the  revolutfon  of  the 
place,  H  Q  P  N,  be  continued,  as  by  heavens  round  a  fixed  axis ;  for  if  ob- 
the  dotted  line  N  B  p  H,  below  the  servations  made  at  each  place  gave  a 
horizon,  so  as  to  complete  the  circle,  different  axis,  they  would  be  inconsistent 
this  lower  part  of  the  circle  will  again  with  such  a  supposition.  The  points, 
intersect  the  circles  T  Q  R  B,  <«  r  *,  P,  p,  are  only  imaginary  points,  being 
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those  where  the  axis  P  p  meets  the  observation  are  the  same,  wherever  on 
ima^nary  sphere  of  the  heavens ;  ihey  the  earth's  surface  he  be  placed.  If 
are  however  important  to  be  known,  and  two  observers  be  at  situations,  the  one 
go  by  the  name  of  the  poles  of  the  kea-  one  thousand  miles  East  of  the  other, 
vens.  They  are  points,  as  we  have  the  situation  of  both  cannot  be  in  the 
already  seen,  in  the  meridian  of  every  line  P  p ;  but  if  the  one  is  in  it,  the 
place,  and  therefore  they  no  where  ap-  other  must  be  nearly  one  thousand  miles 
pear  either  in  the  East  or  West  side  of  out  of  it :  yet  they  both  appear  to  be 
the  heavens  ;  if  however  we  conceive  in  it.  We  know  from  very  simple  rea- 
the  heavens  divided  by  a  vertical  plane,  soning,  or  we  may  easily  satisfy  our- 
passing  through  the  East  and  West  selves  by  trial,  that  a  small  change  of 
point  at  any  place*,  the  points  P  and  p  position  in  the  observer  does  not  affect 
will  always  be  on  opposite  sides  of  this  the  apparent  position  of  a  very  distant 
plane ;  that  is  to  say,  the  one  on  the  object.  Thus,  if  there  be  two  trees,  or 
North  side  of  it,  the  other  on  the  South,  two  spires  distant  ten  miles  from  each 
and  the  same  point  P  is  always  on  the  other,  and  two  men  stand  half-way 
same  side  of  the  plane.  If  therefore  (in  l>etween  them,  the  one  precisely  in 
Jig,  1.)  P  represent  the  pole,  which  to  an  the  line  joining  them,  and  the  other  a 
observer  at  O  is  on  the  Northern  side  of  yard  on  one  side  of  it,  each  will  alike 
the  heavens,  P  is  always  on  the  Northern  feel  that,  to  all  common  observation,  he 
side,  and  is  called  en  this  account  the  is  exactly  in  the  line  which  unites  theoL 
North  Pole  of  the  heavens,  and  in  like  The  angle  between  the  two  directions 
manner  p  is  the  South  Pole-Y.  There  in  this  case,  would  be  considerably  less 
are  however  two  points  on  the  earth,  than  half  a  minute*,  and  would  not  be 
(the  poles  of  the  earth)  where  the  points  observable  except  by  instruments  of 
P,  pt  are  the  one  directly  over  the  head,  some  delicacy.  In  the  same  manner,  if 
the  other  directly  under  the  feet  of  the  the  distance  to  the  points  P,/),  be  exces- 
observer;  here  therefore  there  is  no  sively  great  in  proportion  to  the  dis- 
North  or  South  point,  and  we  shall  tance  l^tween  the  situations  of  different 
hereafter  see  that  the  phenomena  from  observers,  each  observer  will  seem  to  be 
which  we  deduced  our  definition  of  in  the  same  position  with  respect  to  the 
these  points, — namely,  the  rising  and  points  P,  p,  and  the  line  joining  them, 
setting  of  stars,  do  not  take  place  at  There  is  therefore  nothing  absurd  or 
these  situations.  We  have  already  seen  contradictory  in  the  apparent  coinci- 
that  P,  p,  are  points  in  the  meri-  dence  of  each  situation  with  the  line 
dian  of  every  place ;  all  these  meridians  p  p,  if  we  only  suppose  the  points 
therefore  intersect  each  other  at  the  p,  p,  so  remote  from  the  earth,  that  any 
two  poles.  If  p,  the  South  Pole,  be  line  drawn  on  its  surface  is  too  small 
above  the  horizon,  P,  the  North  Pole,  to  be  estimated  in  comparison  with 
will  of  course  be  below  it.  -  '  that  distance;  and  we  get  therefore  a 
One  circumstance  may  here  require  notion  of  the  vast  distance  of  those 
explanation  before  we  proceed  farther,  points,  instead  of  a  difficult]^  affecting 
We  have  already  seen  that  the  centre  of  the  notion  of  such  a  revolution,  as  we 
the  heavenly  sphere  is  a  point  in  the  have  supposed  to  take  place.  If  how- 
axis  P  p,  and  that  this  centre  ap-  ever  every  point  on  the  earth*s  sur- 
pears  to  be  the  situation  of  the  observer ;  

and  we  have  also  said  that  the  results  of  i    •  Every  circle  is  concelTed  to  be  divided  into  S0O 

parta  called  degrees,  each  degree  into  60  minutes, 

*  The  circle  made  by  the  intersection  of  such  a  ***^**  minute  Inlo  60  seconds,  each  second  Inlo 
plane  with  the  sphere  of  the  heavens  is  called  the  ^  thirds,  and  so  on.  One  degree  Is  written  1° ; 
prime  vertical,  ^  one  minute  T,  one  second  1'^ ;  and  so  on  {  though 
•  t  A  weU-known  star.  «  of  the  LitUe  Bear,  ^^  divisions  beyond  seconds  are  quite  as  fre- 
called  also  Polari*  or  the  Pole  Star,  is  at  the  dis-  9^*°^y  expressed  in  declmsl  parts  of  a  second. 
Unce  of  only  one  degree  and  fifty  minutes  (see  the  Thus  nine  degrees,  fifteen  minutes,  twelveseconds 
next  note)  from  the  North  Pole  P.  Its  motion,  and  twentY-fonr  thirds,  are  written  9°  15  12^24  , 
like  that  of  all  other  sUrs.  is  In  a  circle,  every  point  o"^'  **  24  thirds  are  ||  j,  ot^^  of  a  second,  they  are 
of  which  is  equidistant  from  P.  As  P  therefore  is  also  written  9^  16'  12''.  4.  A  degree  therefore 
a  fixed  point,  and  the  Polestar  always  very  near  it,  is  the  360th  part  of  a  circle,  a  minute  the  21600th 
the  observation  of  the  Polestar  furnishes  a  very  part  of  it ;  half  a  minute,  the  quantity  menUoned 
easy  method  of  finding  very  nearly  the  fixed  Notth  In  the  text,  the  43200th  part  of  a  circle.  The  de- 
Pole  of  the  heavens.  The  meridian  being  a  ver-  grees,  minutes.  &:c..  of  one  circle,  will  of  course 
tical  circle,  and  passing  through  llie  pole  to  the  occupy  more  space  than  those  of  another,  exactly 
horizuu,  the  points  where  it  intersects  the  horizon  in  the  same  proportion  as  the  one  circle  is  longer 
arc  those  points  of  the  horizon  respectively  than  the  other,  for  they  are  in  each  the  same  pro- 
nearest  and  most  distnnt  from  the  pole,  and  thus  portional  part  of  the  whole  circle.  They  corre- 
the  North  point  of  the  horizon  i«  that  nearest  to,  spond  to  the  same  angle  in  every  case,  but  differ 
and  the  South  point  of  the  horizon  that  most  dig-  fu  linear  magnitude,  as  the  circles  on  which 
taut /row,  the  North  Pole,  they  ate  measured  differ. 
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feoe  be  apparently  in  the  line  P^,  so  they  would:  and  in  every  case  it  is 

must  its  centre  aiso,  which  lies  m  the  found  that  they  do  so.    A^ain,  the  earth 

midst  between  these  points.    The  axis  bein^ir  globular,  there  are  points  on  its 

Tp  therefore   may  be    considered  to  surface  from  which  an  observer  will  ac- 

pass  apparently  tKrough  the  centre  of  tually  see  the  opposite  part  of  the  hea- 

the  earth ;  and  we  shall  hereafter  see  vens  from  that  presented  at  any  given 

the  strong^  physical  reasons  for  be-  places;  and  the  question,  whether  the 

lieving  that  it  actually  does  so.  same  motions  be  continued  below  the 

There  are  several  reasons  which  con-  horizon  which  we  observe  above  it,  may 

"vince  us,  on  very  slight  examination,  in  this  way  also  be  brought  to  the  test 

that  the  earth  itself  is,  speaking  loosely,  of  complete  trial,  and  the  truth  of  the 

of  a  globular  figure.  They  are  collected  doctrine  will  be  established,  if  we  find 

and  explained  in  the  first  pages  of  the  that  in  every  part  of  the  earth  the  same 

**  Treatise  on  Mathematical  Geography;**  appearances  of  circular  motion  are  ob- 

and  it  is  therefore  unnecessary  here  to  served  in  the  paths  of  the  stars  above 

fo  into  any  account  of  them  *.    But  it  the  several  horizons  of  each  observer. 

IS  important  here  to  point  out  how  we  And  this  we  find  to  be  universally  the 

are  enabled  by  this  globular  fij^re  of  case.    In  every  way  therefore  the  ori- 

the  earth  to  verify  the  conclusions  we  ginal  conclusions,  which  we  draw  frbm 

have  already  formed  respecting  the  mo-  observations  at  a  single  place,  are  con- 

tions  of  the  stars.    The  earth  being  con-  firmed  by  a  companson  of  those  made 

vex  at  all  points,  the  horizons  of  different  at  several. 

places,  wnich  are  always  planes  touch-        We  shall  hereafter  see  that  there  is 

mf  the  earth  at  those  points,  will  be  in-  another  and  simpler  mode  of  accounting 

clmed   to  each  other  at  all  difierent  for  these  appearances,  by  ascribing  a 

angles ;  and  the  height  of  the  pole  above  motion  of  rotation  to  the  earth  itself. 

the  horizon  will  vary  in  consequence.  The  appearances  themselves  however 

The  height  of  the  pole  above  the  horizon  are  exactly  those  which  would  result 

measures  what  is  called  the  laiitude  of  from  the  rotation  of  the  heavens ;  and 

the  place.    We  shall  hereafter  explain  our  only  proof  that  the  other  theory  will 

why :  it  is  sufficient  now  to  state,  that  account  for  them,  will  be  by  shewing 

whenever  we  speak  of  the  latitude  of  a  that  it  must  necessarily  produce   the 

place,  as  having  a  particular  value,  for  in-  same  appearances  as  the  actual  rotation 

stance  50^,  we  mean  that  the  pole  is  there  of  the  heavens  would  do.     We  may 

at  the  height  of  50^  above  the  horizon,  therefore  properly,  for  the  present,  treat 

We  have  already  seen  that  there  are  the  rotation  of  the  heavens,  not  as  an 

certain  stars  which  never  sink  below  the  established  fact,  but  as  a  supposition 

horizon  at  a  particular  place,  and  which  enabling  us  to  account  for,  and  repre- 

at  that  place  are   called  circumpolar  sent  all  these  appearances, 

stars.    If  we  take  another  situation,  so  ^'  ^.      ^, 

that  the  height  of  the  pole  above  the  Section  2,'--Firsi  Observattons  on  the 
horizon  be  greater  there  than  at  the  aj)parent  Motions  of  the  Sun-Dtur- 
former  jdace,  some  of  those  stars  which        ^o/  Motion— Anntud  Motion. 

before  rose  and  set,  will  now  (if  the  sup-  Having  thus  ascertained  the  apparent 

position,  that  they  continue  to  describe  rotation  of  the  heavens  and  the  stars 

Delow  the  horizon  the  remainder  of  the  round  an  axis,  we  may  proceed  to  con- 

cirde   which   they  were  seen   to    de-  sider  the  more  complicated  anpearances 

scribe  in  part  above  it,  is  a  true  one)  presented  by  the  sun.    Tlie  nrst  notion 

have    their  whole   course    above  the  which  we  gain  from  observation  is,  that 

horizon :    in    other  words,  they   also  he  also  follows  the  same  course  of  revo- 

will  be  cbrcumpolar  stars  at  the  second  lution  as  the  stars ;  for  he  is  seen  to.  rise 

place    of   observation ;    and    we  may  in  the  Eastern,  and  set  in  the  Western, 

there  ascertain,  by  complete  observar  part  of  the  heavens,  culminating  in  the 

tion,  whether  they  do  actually  describe  meridian,  and  rising  and  setting  at  points 

the  whole  circle,  as  we  have  supposed  apparently  equidistant,  or  very  nearly  so, 

^  „-.^ 77 — :r-— I — n — A^  ^^r —  from  the  North  point  of  the  horizon.   So 

*  The  argument  in  ttiat  treaUse  deduced  from  ^      .«  '^         r        ■      i    j 

the  appearancce  of  keavenip  bodies  cannot  pro-  m  the  appearances  ot  a  Single  day  sccm 

perly  be  applied  to  the  purpoaes  of  this  treaUse,  as  to  correspond  with  thosC  already  noticed 

the  reader  must  be  supposed    hitherto  Ignorant  •      ju      |*  t»   |      u        -     -piicfer  the 

ot  the  nature  of  these  appearances.     Omitting  ^^  »"«  S\»'^''      ^  ,  wnen  we  register  Uie 

these,  we  have  sufficient  evidence.  In  p.  3  of  that  observations  of  a  long  period,  a  year  for 

tethcprcwMinupMr.  wtween  the  Ivio  «««e8,  ^ei\.«xiin««^« 
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appears"  in  the  meridian  at  the  same  its  direction  is  opposite  'to  the  former, 
spot,  it  rises  always  in  one  point  of  the  that  is  to  say,  from  North  to  South.  The 
East,  and  sets  in  one  point  of  the  West ;  same  observations  may  be  made  where 
but  all  these  things  are  different  in  the  the  South  Pole  is  above  the  horizon,  with 
case  of  the  sun.  If  we  observe  his  similarresults;  the  only  difference  bein^, 
height  when  he  crosses  the  meridian,  we  that  in  that  case  his  motion  Southward 
find  that  it  is  less  on  the  2 1st  day  of  produces  effects  corresponding  to  those 
December,  than  at  any  other  period  of  motion  Northwards  m  the  other. 
during  the  year ;  that  it  is  greatest  on  This  however  is  not  the  only  motion 
thefollowing21stday  of  June;  and  that  which  we  can  discover  in  the  sun. 
in  the  interval  it  is  on  each  succeed-  Every  one  who  has  observed  the  nightly 
ing  day  greater  than  on  the  preced-  appearances  of  the  heavens  with  any 
ing  one:  and  again,  after  the  21st  of  attention,  is  aware  that  they  continually 
June  the  sun '  passes  the  meridian  at  differ.  On  each  succeeding  night,  or  it 
points  successively  lower  on  each  dajr*  may  be  more  convenient,  for  the  sake  of 
until,  on  the  21st  of  December,  he  again  marking  the  changes  more  strongly,  to 
returns  to  his  least  elevation.  The  va-  take  nights  at  a  considerable  interval, 
riation  of  this  elevation  is  not  uniform ;  as  for  instance  a  month,  firom  each  other, 
it  is  most  rapid  at>out  the  21st  of  March  some  stars  l)ecome  visible  which  had  not 
and  the  21st  of  September;  and  for  a  been  so  at  the  last  time  of  observation^ 
few  days  before  and  after  the  21st  of  and  others  cease  to  appear  which  had 
June  and  the  21st  of  Deceml)er  it  is  then  been  seen.  The  new  stars  which 
hardly  perceptible.  At  these  periods  from  time  to  time  make  their  first  ap- 
therefore  the  sun  has  loosely  been  said  pearance,  do  so  invariably  in  the  Eastern 
to  stand  still ;  and  they  have  in  conse-  portion  of  the  heavens  a  little  before 
guence,  and  from  the  seasons  at  which  sun-rise ;  those  which  have  ceased  to 
in  Europe  they  happen,  gained  the  name  appear  always  were  last  seen  in  the  West 
of  the  summer  and  winter  solstices.  The  a  bttle  after  sun- set.  It  is  found  also, 
same  observation  may  be  made  also  that  stars  which  rose  a  little  before  the 
with  respect  to  the  points  where  the  sun  sim  at  the  former  observations,  rise 
rises  and  sets ;  indeed  it  is  a  necessary  longer  before  him  at  the  latter ;  and,  in 
consequence  of  the  sun  risinj^  from  day  the  same  manner,  that  those  Which  set 
to  da^  higher  on  the  meridian,  that  a  certain  time  after  him  at  the  former, 
his  points  of  rising  and  setting  should  set  a  less  time  after  him  at  the  lattor 
also  approach  the  pole  which  is  above  observations.  It  is  easily  seen  that 
the  horizon ;  and,  on  the  other  hand,  these  changes  can  only  be  occasioned 
when  he  is  falling  on  the  meridian,  in  one  way.  We  have  already  seen  that 
that  the  points  of  rising  and  setting  the  stars  themselves  keep  the  same  po- 
should  in  like  manner  recede  from  it.  sitions  with  respect  to  each  other;  out 
It  is  also  found  by  nice  observation,  the  sun  evidently  approaches  the  regions 
that  during  the  period  in  which  his  me-  of  the  heavens  which  are  above,  but 
ridian  heignts  are  continually  increasing,  near  his  point  of  setting  in  the  Western 
he  always,  when  it  is  the  North  Pole  part  of  the  horizon,  at  the  time  of  his 
which  is  above  the  horizon,  sets  nearer  setting ;  for  having  previously  set  before 
to  the  Northern  point  than  he  rises,  and  stars  there  situat^,  he  now  sets  at  the 
rises  on  the  following  day  still  nearer  the  same  time  with  them.  In  the  same 
North ;  and  conversely,  that  when  his  manner,  he  recedes  from  the  regions  of 
meridian  heights  are  continually  dimi-  the  heavens  which  are  near,  but  above 
nishing,  his  point  of  setting  on  anj^  day  his  point  of  rising  in  the  eastern  part  of 
is  more  Southward  than  that  of  his  rising  the  norizon  when  he  rises ;  for  having 
that  day,  but  less  so  than  that  of  his  previously  risen  at  the  same  time  witn 
rising  on  the  following  day.  All  these  stars  there  situated,  he  now  rises  afttf 
ol)servations  correspond  exactly  to  the  them.  He  evidently  therefore  has  a  mo- 
supposition,  that  for  the  six  months  ex-  tion  from  West  to  East  These  obser* 
tenaing  from  the  winter  to  the  summer  vations  hold  alike  in  every  period  of  the 
solstice,  the  sun,  besides  partaking  of  the  year,  and  at  the  close  of  the  year  the 
general  rotation  of  the  heavens,  has  a  sun  is  in  the  same  position  relatively  to 
proper  motion  of  his  own  in  the  heavens  the  stars,  as  at  its  beginning.  We  have 
which  continually  carries  him  North-  therefore  ascertainea  that  he  has  a  pro- 
ward  ;  and  again,  that  in  the  interval  be-  per  motion  from  North  to  South,  and 
tween  the  summer  and  the  winter  solstice,  backfrom  South  to  North,  which  restores 
h^  has  also  a  proper  motion,  but  that  him  at  the  end  of  the  year  to  the  same 
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altihide  when  on  the  meridian  whidi  he  the  fuU  force  of  the  difficulty.    A  day  is 

had  at  its  b^nnin^r ;  and  that  he  has  the  period  to  which  we  commonly  refer 

also  a  motion  from  West  to  East,  which  eveiything,  and  which  we  consider  as  of 

in  the  same  period  brings  him  back  to  a  fixed  and  uniform  duration  ;  a  day  is 

the  same  place,  but  which,  being  conti-  also  the  period  between  the  successive 

nnally  in  one  direction,  can  only  do  so  by  appearances  of  the  sun  on  the  meridian ; 

making  hboB  describe  in  that  direction  and  in  common  language  it  is  also  the 

the  complete  circuit  of  tbeTheavens.  period  between  his  successive  risings  or 

settings.  Being  thus  in  the  habit  of  using 

SiCTioif  S.—Mode  of  ascertaining  the  ^V'P^  ^^^^  ^«  ^"  expression  for  a 

motume  and  places  of  heavenly  ffodiee  certain  fixed  and  uniform  period  of  time, 

^Meamre  Sr^te^Pendulum^So-  ^  /o'  ^^«  mteiyal  between  certain 

lor  and  sidereal  day- Measure  qf  events  which  do  m  fact  happen  veiy 

places-Right  ascenHon^Dedination  ^^^^y  ^^  ^^at  distance  of  time  from 

^un's  path,  the  ecliptic -- Equi^  fach  other,  we  cannot  readJy  separate 

noctial  pSints-Longit£le-Latitlde.  ^^  ^"^^  "T«  ^*  ""•.  ^^"^  IS'l'  ?'"  ^^' 

^  ^  ceive  how  difficult  it  would  be  to  dis- 

We  are  still  however  far  from  a  suffir-  cover  the  equality  of  the  intervals  be* 
cient  knowledge  of  the  motions  either  of  tween  these  event^  unless  we  had  some 
the  sun  or  stars.  We  see  that  they  revolve  certain  and  definite  standard,  indepen* 
round  the  earth,  but  that  they  do  not  dent  of  themselves,  whereby  to  measure 
do  so  in  the  same  time,  and  we  cannot  them.  The  difficulty  however  certainly 
yet  tell  whether  either  revolve  uni-  exists ;  and  we  may  in  some  degree  be 
formly,  or  with  a  variable  motion.  To  convinced  of  its  force,  even  by  an  argu- 
knbw  any  thing  certain  concerning  mo-  ment  drawn  from  the  difference  between 
tion  we  must  know  the  space  passed  the  two  latteruses  of  the  word  ^  which 
over  and  the  velocity  with  which  it  is  so.  we  have  mentioned.  During  the  period 
But  the  velocity  can  only  be  measured  in  which  the  sun's  motion  is  from  South 
by  the  space  passed  over  m  a  given  i)or-  to  North,  we  have  already  seen  that  he 
tion  of  time,  and  the  first  great  object  rises  farther  North  on  each  successive 
therefore  is  to  find  out  some  method  of  morning,  and  it  necessarily  follows  (a 
computing  and  measuring  time.  If  we  consequence  which  will  be  fully  proved 
knew  that  the  motion  either  of  the  sun  hereafter),  that  on  each  successive  day 
or  of  the  stars  was  equable,  we  might  a  larger  portion  of  his  circle  of  rota- 
adopt  that  motion  as  a  standard ;  but  it  tion  is  above  the  horizon.  If  his  motion 
is  evident  that  we  have  as  yet  no  reason  be  such  that  each  successive  interval 
for  so  supposing.  An  hour  appears  a  between  his  [appearances  on  the  meri- 
period  of  a  very  different  length  accord-  dian  is  equal,  or  nearly  so,  his  succes- 
mg  to  the  mode  in  which  we  pass  it :  sive  appearances  on  the  horizon  will  be 
almost  imperceptible  sometimes  m  sleep,  rapidly  accelerated  for  a  considerable  pe- 
short  in  agreeable  mental  or  bodily  exer-  riod,  then  slowly  so,  and  finallv  retarded, 
tion  or  amusement,  long  in  irksome  em-  This  wUl  be  more  fUlly  explained  hereafter; 
ployment  or  tedious  idleness ;  and  we  have  but  we  sJl  know  the  fact  from  the  common 
no  power,  by  mere  sensation,  of  accurately  tables  of  the  time  of  sun  rise.  Thus,  in 
discriminating  or  comparing  the  lengths  our  climate,  in  March,  sun-rise  precedes 
of  several  unconnected  periods.  But  the  the  arrival  of  the  sun  on  the  meridian  by 
periods  of  the  successive  returns  of  a  a  period  increasing  from  day  to  day 
neavMfily  body,  whether  it  be  sun  or  star,  by  about  two  minutes ;  in  June  the 
to  the  mericuan  are  unconnected ;  and  alteration  is  hardly  perceptible ;  and  in 
we  consequently^  have  no  means  by  mere  September  the  interval  diminishes  as 
mental  perception  of  comparing  their  rapidly  as  it  increased  in  March.  In 
durations,  and  saying  whether  they  are  March  then,  the  day,  understood  as 
equal  or  unequal*  And  this  being  the  the  interval  from  sun-rise  to  sun-rise, 
case,  we  can  have  no  ri^ht  to  assume  is  about  two  minutes  less  than  the  day, 
either  as  a  standard  of  time ;  for  time,  understood  as  the  interval  from  noon  to 
like  everything  else,  can  only  be  mea-  noon ;  while  in  June  they  are  eaual, 
sured  by  reference  to  something  of  a  and  in  September  a^ain,  the  day  from 
fixed  and  determinate  value.  Our  no-  sun-rise  to  sun-rise  is  as  much  longer 
tions  of  time  indeed  are  so  complicated  than  that  from  noon  to  noon,  as  it  was 
with  the  words  describing  the  periods  shorter  in  March.  No  man  could  pre- 
into  which  we  find  it  convenient  to  divide  tend  to  be  conscious  ot  lYve^«  movMVa 
it,  that  it  requires  some  attention  to  feel  difEtnrenees  of  duniidotv\  «M  VI  ^^\«c^ 
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Tvhole  circled  Oi  q ;  and  the  periods  of  dock  marks  0^  0"  when  the  first  point 

rotation  through  the  arcs  AiE,  AtE,  of  Aries  is  on  the  meridian;  when  it 

AaE,  are  to  the  same  whole  sidereal  day  marks  4"  the  bodies  then  on  the  meri- 

in  the  proportions  also  of  those  respec-  dian  are  said  to  have  l^  or  4*  of  ri^ht 

tive  arcs  to  the  whole  circle  E  Ai  Q,  the  ascension :  when  it  marks  l\  the  bodies 

same  proportion  as  the  preceding  ones,  on  the  meridian  are  said  to  have  15^  or 
The  periods  of  rotation  therefore  through    1  ^  of  right  ascension, 
the  arcs  Oi  e,  Ai  E,  are  equal ;  and  so  are       By  the  observation  of  time  therefore 

those  through  a^e,  and  A)E,  and  again  we  can  ascertain  the  right  ascension  of 

through  a^e,  and  A«E.     But  when  any  a  heavenly  body,  and  consequently  the 

point  of  one  of  these  meridians  coincides  meridian  on  which  it  is.    If  we  can  also 

with  the  meridian  of  the  place,  the  whole  observe  its  distance  from  the  pole,  or  its 

meridian  coincides  with  it ;  or  every  point  distance  from  the  equator,  which  is  called 

of  a  meridian  is  on  the  meridian  of  the  its  deelinaiion,  and  is  called  North  or 

place  at  the  same  time ;  and  the  periods  South  declination  as  the  body  is  North 

of  rotation  through  corresponding  arcs  or  South  of  the  equator,  we  ascertain 

being  equal,  evety  point  of  a  meridian,  its  position  upon  that  meridian.    The 

when  not  on  the  meridian  of  the  place,  declination  being  measured  along  a  me- 

requires  the  same  time  to  arrive  at  it ;  ridian,  the    meridians   have  also   the 

and  that  time  bears  the  same  proportion  name  of  circles  of  declinaiion.    Every 

to  a  sidereal  day  that  the  arc  of  the  equa-  point  in  a  small  circle  parallel  to  the 

tor,  intercepted  between  the  meridian  of  equator,  is  of  course  at  the  same  dis- 

the  place  and  the  meridian  in  question,  tance  from  the  equator,  or,  in  othei 

bears  to  the  whole  circumference  of  the  words,  has  the  same  declination :  sud: 

equator.    And  conversely,  if  we  observe  a  small  circle  is  therefore  called  a  pa- 

the  time  when  one  star  is  on  the  meri-  raUel  of  declination, 
dian  of  the  place,  and  that  when  another       The  observation  of  declination  is  easih 

body  appears  there  on  the  same  side  of  made.  The  horizon  ofany  given  place  is! 

the  pole  (for  this  qualification  is  neces-  fixed  cirde:  the  point  therefore  where  t 

sary  in  the  case  of  circumpolar  stars  perpendicular  ^to  the  horizon  meets  th 

which  appear  on  the  meriaian  of  the  heavens above'the spectator's  head (whic! 

place  both  above  and  bdow  the  pole),  is  called  \hezenith*)is  a  fixed  point  aJLs( 

and  note  their  interval,  we  know  the  in-  This  point  may  always  be  ascertained 

terval  of  the  ec^uator  intercepted  between  for  a  plumb  line  han^  directly  in  a  liii 

the  two  meridians ;  for  it  is  the  same  from  it    The  zenith  is  obviously  a  poii 

proportion  of  the  whole  equator  which  in  the  meridian ;  for  the  plane  of  tl 

the  observed  interval  of  time  is  of  the  meridian  passes  through  the  place  c 

whole  sidereal  day.    It  is  of  course  con-  observation  perpendicular  to  the  horizo' 

venient  to  have  some  fixed  point  of  the  and  the  perpendicular  to  the  horizon 

equator  as  a  standard  of  reference,  and  the  place  must  be  a  line  in  that  plane, 
that  point,  which  we  shall  presently  see        The  zenith  is  the  pole  of  the  horizo 

the  reason  of  choosing,  is  called  the  first  and  if  any  great  circles  be  drawn  thlx>u* 

point  of  Aries,  and  is  often  marked  the  zenith,  they  will  be  secondaries 

thus  cf>.    The  distance,  measured  East-  the  horizon.    These  ai-e  called  veriic 

ward,  from  op  to  the  intersection  with .  circles :  the  meridian  of  the  place  is 

the  equator  of  the  meridian    passing  course  one  of  them.    The  arch  of 

through  any  heavenly  body,  is  called  the  vertical  circle   intercepted    between 

right  ascension  of  the  body,  and  is  ob-  heavenly  body  and  the  horizon,  is  cal 

viously  the  same  for  every  body  upon  the  the  altitude  of  the  body,  and  can  alwt 

same  meridian,  and  upon  the  same  side  be  measured  by  proper  instrument} 

of  the  pole,   and  for  none  off  it.    The 

right  ascension  may  evidently  be  esti-      •  The  opposite  point,  where  the  perpendic 

mated  in  time,  as  it  is  ascertained  by  it.  podaced  ueiow  the  horiion  meets  the  opp< 

Thp  nprind  nf  a  whnip  rpvnlnfinn    nr  of  £««"*■?*»«■«  o'  the  heavens,  is  called  the  m 

1  ne  periOU  OI   a  wnoie  revolution,  or  OI  These,  Uke  many  others  of  the  terms  of  astronc 

passing    through    360  ,    is    twenty-four  are  derived  from  the  Arabian  observers. 

hours  of  sidereal  time :    in  one  such  «^^'^*,®?il*'^"  ***'"?  p^*"<*  apparenUy  ic 

u^.,-  lU^^^r^wrv    «   l^^^.,  .>«».«»   «U«»..««U  <^«"*"  o»  the 'pl^cre,  the  augie  which  tMTo  Ob' 

hour  therefore   a  body  passes   through  la  the  heavens  subtend  at  £t  eye  will  accuri 

1 5°  of  right  ascension  ;   in  four  minutes  me««ure  the  arc  of  the  great  circle  of  the  hea 

♦  hrniicrh  1°  •    and    thpQp  ricrht  a6npn<zinn«  *^«»\ch  "es  between  them.    This  arc  therefoi 

llirOUgn  1     ,    ana   mese  ngni  ascensions  their  distance,   is  accurately  measured  byol 

may    be   equally  well    called     either   1°  vaUon  of  the  angle  between  them  ;  or  rathe 

and     15°,    or    four    minutes,     and      one  *^«*f°<>7"othingoftheiractuald{sUncea,  w< 

hour.    In  other  words,  an  astronomical  Srlr*«rt2;Li?^:te."l''i^?LV„"w'. '.*:?, 


I.  i  3.]                                    ASTRONOMY.  ty 

The  distance  from  the  body  to  the  ze-  declination  is  North.    When  the  North 

nith,  OP  its  zenith  distance,  together  polar  distance,  as  P  Si,  is  plater  than 

with  the  altitude,  make  up  the  whole  90°,  the  declination  Si  £  =  North  polar 

distance  of  the  zenith  from  the  horizon,  distance  —  90°.      In  each  case  there- 

or  90°.    The  zenith  distance,  therefore,  fore  ^he   declination  is  the  difference 

is  the  complement  of  the  altitude.  l)etween  the  North  polar  distance  and 

The  pole  is  a  fixed  point  in  the  90°,  being  North  when  the  North  polar 
meridian ;  it  is  therefore  at  a  fixed  distance  is  less,  and  South,  when  it  is 
distance  from  the  zenith  of  any  given  greater,  than  90°. 
place,  and  from  the  North  and  South  We  can  then  always  ascertain  the  de« 
points  of  the  horizon  there.  If  there-  clination  of  a  body  by  observing  iUr 
fore,  when  any  heavenly  body  is  on  the  altitude  when  on  the  meridian  of  the 
meridian,  its  distance  from  either  the  place.  Its  right  ascension  may  be  as- 
zenith  or  the  North  or  South  point  of  the  certained  in  the  manner  already  pointed 
horizon  can  be  observed,  its  distance  out :  or,  if  the  right  ascension  of  any 
from  the  pole,  or  its  North  Polar  dit-  particular  star  has  been  previously  ac- 
tance,  can  be  ascertained  from  it.  And  curately  ascertained  by  a  sufficient  num- 
it  is  obvious  that  if  an  instrument  be  ber  of  observations,  then  the  right  as- 
adjusted  so  as  to  move  in  the  plane  of  cension  of  any  other  star  may  be  found 
the  meridian,  these  distances  may  be  by  observing  the  time  which  elapses 
ascertained  by  mere  observations  of  alti-  l>etween  its  appearance  on  the  meridian 
tude  made  with  it:  for  the  altitude  of  a  ana  that  of  the  star,  whose  place  we 
body  when  on  the  meridian,  is  its  dis-  suppose  to  be  already  determined.  The 
tance  either  from  the  North  or  South  observation  of  right  ascension  gives  us 
point  of  the  horizon;  and  the  com-  the  meridian  on  which  the  body  is 
plement  of  the  altitude  is  the  zenith  situated  in  the  heavens,  and  that  of 
distance.  The  adjustment  of  the  in-  declination  the  precise  point  of  that 
strument  to  move  in  the  plane  of  the  meridian,  and  the  two  combined  give  us 
meridian,  is  more  complicated  than  that  the  exact  place  of  the  body :  for  when- 
required  merely  to  make  it  move  in  a  ever  we  can  ascertain  the  distance  of  a 
vertical  circle :  it  is  however  generally  body  in  a  known  surface  from  a  given 
made  with  the  best  instruments,  whicn  point,  measured  in  two  directions  per* 
are  fixed  so  as  to  move  in  the  plane  of  pendicular  to  each  other  (as  in  this 
the  meridian,  and  in  that  only.  Having  case  along  the  equator,  and  along  a  cir- 
an  instrument  so  adjusted,  the  north  cle  of  declination),  or,  indeed,  inclined 
polar  distances  of  all  the  stars  may  be  at  any  given  angle  to  each  other,  there 
ascertained.  is  only  one  point  which  can  fulfil  both 

Let  Si,  Sg,  Ss,  S4,  in  Jig.  2,  represent  conditions,  and  that  point  therefore  is 
any  heavenly  bodies  on  the  meridian :  completely  ascertained. 
S|  £,  St  £,  Sa  £,  S4  Q»  are  obviously  In  this  manner  we  can  determine  the 
their  declinations.  Now,  observing  that  place  of  the  sun  on  every  day  in  the 
P£,  or  PQ  =  90°,  it  is  obvious  that  year;  and  the  observation  of  all  these 
whenever  the  North  polar  distance,  as  points  will  give  us  Jso  many  of  his  suc- 
P  St,  P  S9,  P  S4,  is  less  than  90°,  the  de-  cessive  positions  in  the  heavens,  and  his 
clination  Ss£,Ss£,  S4Q=90°  —  North  path  among  the  stars  must,  therefore, 
polar  distance ;  and  in  these  cases  the  be  a  line  passing  through  all  these 
points.    This  line  is  found,  when  the 

them  ranged  in  the  surface  of  a  sphere,  for  the  observations  are  carefully  made  and  re- 
convenience  of  compuUtlon,  by  applying  to  them  j.;-fp-pH  to  hp  «  m-Pat  rirHp  nf  ♦h« 
the  principles  of  spherical  geometry.  glSierCQ,   10    DC   a    greaiCirClC     01    me 

The  alUtude  of  a  body  is  easily  ascertained.  The  Sphere,  whlch  mtersects  the  equator  at  an 

l^nrj^rV^^tl!  u  ****"]?,  the  observation  is  made  ^ngle  of  23o  28'  nearly,  and  is  called  the 

can  be  mechanically  adjusted,  so  as  to  move  in  a  P  ^-^        ah           *    •     i         rxu         i. 

Tertical  plane,  and,  consequently,  in  the  plane  of  a  ^ItptUT,     All  great  Circles  Ot  the  sphere 

vertical  circle.    The  place  bf  the  horixon  may  be , 

ascertained,  though  some  nicety  is  required  in  the 

ascertainment,  Into  the  details  of  which  it  is  not  *  The  ecliptic  being  a  great  circle  of  the  sphere, 

necessary  here  to  enter.    All  instruments  intended  has,  of  course,  two  poles,  which  are  distant  from 

for  observation  have  a  graduiUed  circular  limb  the  poies  of  the  equator  by  an  arc  of  2d°  28*. 

attached  to  them,  and  when  the  plane  of  the  hori-  eaual  to  the  inclination  of  the  one  circle  to  the 

son  is  ascertained,  the  points  on  the  limb  which  are  otner.    If  from  the  pole  of  the  ecliptic  a  secondary 

In  that  plane  may  be  found:  and  the  angle  between  be  drawn  through    any    heavenly    body   to   tha 

the  diameter  Joining  them  and  the  direction  of  the  ecliptic,  the  arc  of  this  circle  between  the  body 

Instrument,  which  obviouHly   measures  the  altl«  and  the  ecliptic  is  called  the  latitude  of  the  body, 

tude  of  the  body,  observed  by  means  of  the  gra-  and  the  arc  of  the  ecliptic  intercepted  between  the 

doation  on  the  limb.    There  are  additional  and  first  point   of  Aries,  and  the  intersection  of  the 

more  delicate  adjustments,  which  uccd  not  be  de-  secondary  with  the  ecliptic.  Is  colled  the  longitude 

tailed  here.  of  the  body.    The  place  of  abQd^U  q1  ^v)iv»si^«a 


12                                             ASTRONOMY.  [I.  §3. 

fore  we  were  to  depend  on  sensation  of  time  must  be  used  in  the  process, 
merely  for  our  measure  of  time,  we  Nothing,  therefore,  which  depends  upoa 
might  just  as  well  take  the  interval  from  the  measurement  of  velocity  can  be  ad- 
sun-rise  to  sun-rise  for  our  standard,  as  mitted,  for  velocity  only  means  space 
that  from  noon  to  noon  ;  and  either  as  described  in  a  certain  time.  We  have 
that  from  the  successive  appearances  however  sufficient,  though  not  veiy 
of  a  given  star  on  the  meridian.  The  ready  means  of  ascertaining  the  fact, 
differences  between  the  actual  lengths  Space  is  easily  measured ;  and  the  mo- 
of  these  different  periods  may  seem  mentum  of  a  body  can  be,  although  not 
trifling  ;  but  such  is  the  nicety  re-  very  accurately,  yet  sufficiently  estimated 
quired  in  astronomical  observations  and  by  the  effects  it  produces.  If  the  quantity 
computations,  that  no  inaccuracy  can  of  matter  in  a  body  be  represented 
safely  be  overlooked ;  nor,  if  we  once  by  A,  and  the  force  acting  on  each  par- 
force  ourselves  to  give  up  the  appear-  tide  of  matter  in  it  by  F,  and  the  space 
ance  of  security  given  by  the  popular  through  which  it  fails,  by  8,  it  may 
use  of  the  words  *'  day,**  "year,**  &c.,  be  proved,  as  a  necessary  consequence 
are  we  justified  in  beheving  that  our  of  the  meaning  of  these  terms,  that 
errors  will  be  confined  within  any  nar-  ^y^^  momentum  varies  as  A.  F.*,  sM 
row  limits.  .  J  J  r  If  therefore  we  try  the  experiment 
We  have  however  one  standard  of  ^j^h  the  same  body  falling  through 
time  independent  of  anv  assumption  ^he  same  space  at  different  times,  &e 
whatever,  except  that  of  the  truth  of  *  .«  ^a  ^  .« 
those  general  principles,  called  the  laws  of  momentum  vjill  vanr  as  F»,  and  wdl 
motion,  Which  are  involved  in  all  the  increase  and  diminish  with  the  increase 
deductions  of  mechanical  science,  and  and  diminution  of*  the  force.  If  then 
which,  although  inferred  from  observa-  we  find  that  the  body  always  sinks  to  the 
tion  and  reasoning,  do  not  admit  of  strict  «a™?  ^epth  m  similar  bodies  placed  to 
and  absolute  demonstration.  All  bodies  receive  it,  that  it  produces  the  same  con- 
are  found,  by  experimenU  made  any-  traction  of  a  spring  attached  to  the  point 
whereon  the  earth's  surface,  to  fall  there  on  which  it  falls,  and  generalljr  that  it 
towards  the  earth  in  a  straight  line,  produces  effects  always  equal  in  man- 
called  a  vertical  line,  in  consequence  ners  which  may  be  varied  according  to 
of  the  action  of  some  force  acting  on  the  pleasure  of  the  experimenter,  we  are 
them  in  that  dh^ction.  which  we  caS  the  ^^  ^o  t^,  conclusion  that  the  force 
force  of  gravitation.  If  at  that  point  the  Ji^ays  acts  alike  at  the  same  pomt. 
force  act  at  every  instant  of  time  with  Now  this  is  the  conclusion  found  by 
the  same  intensity,  a  pendulum  properly  experiment.  We'  have  therefore  m 
adjusted  will  perform  its  successive  M^®  pendulum  a  standard  of  dura- 
oscillations  in  equal  times ;  that  is  to  tion :  not  a  convenient  one  as  yet,  be- 
say,  it  will  always  take  the  same  time  in  cause  we  have  nothing  whereby  to  fix 
sw  inging  backwards  and  forwards.  This  o^  any  particular  length  of  pendulum  as 
depends  on  no  assumption  whatever ;  it*  *"«  standard ;  nor  a  general  one,  for  we 
is  a  necessary  mathematical  consequence  have  as  yet  no  reason  to  form  an  opinion 
of  the  action  of  a  constant  force,  tend-  whether  the  force  of  gravity  at  different 
ing  vertically  downwards,  on  such  a  points  on  the  earth's  surface  is  the  same 
body  so  suspended.  If  therefore  we  or  different,  and  we  therefore  cannot 
can  ascertain  that  the  force  by  which  a  ^^11  whether  our  pendulum  of  one  place 
body  falls  to  the  ground  at  a  particu-  would  swing  at  the  same  rate  at  another, 
lar  place  is  always  equal,  we  know  Vhat  ^  e  know  only  that  at  the  place  where 
the  oscillation  of  a  pendulum  there  the  experiments  were  tried  its  successive 
will  give  a  fixed  standard  of  time,  oscillations  are  always  of  equal  lengths. 
We  might  perhaps  venture  at  once  to  ^^  consequently,  that  we  may  there 
assume  that  this  force  is  invariable,  on  ascertain  by  it  whether  the  revolutions 
the  principle  that,  all  the  circumstances  ?"  ^ne  sun.  or  stars,  or  either  of  them, 
under  which  it  acts  being,  as  far  as  we  p«  of  uniform  length  ;  for  whatever  be 
can  perceive,  the  same  at  all  times,  there  *he  duration  of  the  uniform  oscillation 

is  no  reason  whatever  for  supposing  it  to    

vary.  It  is.  however,  satisfactory,  if  pos-  « [Momentum «  w. v.                       Jt^^ 

sible.  to  ascertain  by  actual  experiment,  «  a.  f.  v.        ^^^^  \ .  x  -v  f.  s.; 

wiiether  the  force  be  variable  or  not.  ^  ^  f.JfTs. 

Of  course,  when  the  object  is  to  ascertain  '   '         I     i 

the  mode  of  measuring  time,  no  measure  «  a.  f.'  s  *' 
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of  our  pendulum,  if  we  observe  that  that  ike  heavens  revolve  round  their  axis 
either  of  these  periods  of  revohition  continually  tmth  an.  uniform  velocity, 
always  includes  the  same  number  of  The  discoveries  of  an  advanced  state  of 
these  oscillations,  that  is  an  uniform  science  furnish  the  most  complete  con- 
period,  and  may  itself  be  adopted  as  a  firmation  of  this  result,  by  shewing  that 
standard  of  duration.  If  the  number  none  of  the  causes  which  produce  va- 
of  oscillations  be  di£Perent  in  different  nations  and  disturbance  in  other  mo- 
revolutions,  the  period  is  not  uniform  or  lions,  produce  any  in  that  from  which 
fit  for  a  standara*.  the  apparent  motion  of   the   heavens 

Now  the  period  of  revolution  of  the  round  an  axis  proceeds, 
stars  is  found  by  this  sort  of  comparison  The  interval  between  the  successive 
to  be  always  accurately  the  same.  Each  appearances  of  the  sun  upon  the  me- 
star  is  found  to  have  precisely  the  same  ndian,  or  from  noon  to  noon,  is  neces- 
interval  between  its  successive  appear-  sarily  longer  than  that  between  those  of 
ances  on,  or  as  they  are  also  termed,  a  star ;  for  as  the  motion  of  the  heavens 
(^Tpu/f^tf  to,  the  meridian,  and  this  interval  is  from  East  to  West,  and  the  proper 
is  called  a  sidereal  day.  It  is  also  found  motion  of  the  sun  from  West  to  East, 
that  the  different  portions  of  each  revo-  the  sun  on  each  successive  day,  when 
lution  are  described  in  proportional  the  point  of  the  heavens  where  he  was 
periods :  thus,  if  two  different  stars  are  at  noon  on  the  day  before  returns  to  the 
in  the  same  circle  of  rotation,  but  the  meridian,  is  to  the  Eastward  of  that 
one  distant  180^  from  the  other,  the  half  point,  and,  consequently,  to  the  Eastward 
of  a  sidereal  day  elapses  between  their  of  the  meridian ;  and  he  therefore  only 
appulses  to  the  meridian ;  if  the  dis-  returns  to  the  meridian  after  the  rota- 
tance  of  two  such  stars  be  90^  the  tion  of  the  heavens  has  continued  for 
interval  between  their  appulses  is  a  some  additional  period,  long  enough  to 
quarter  of  a  sidereal  day ;  and  so  in  like  bringhis  new  place  to  the  meridian.  The 
manner  for  every  proportion  of  distance-f  interval  between  two  successive  appulses 
We  find  therefore,  not  only  that  the  of  the  sun  to  the  meridian,  is  called  a 
durationof  a  sidereal  day  is  constant,  but  solar  day.  We  find  by  observations  with 
that  during  every  part  of  it  the  rotation  our  pendulum,  that  the  length  of  the 
goes  on  uniformly ;  or  in  other  words,  solar  day  is  continually  varying,  but  still 
:    that  its  variations  succeed  each  othe^  in 

•  It  mnt  not  be  understood  that  the  con.idera-      *  ^gular  SUCCeSsion,  and  gO  through  all 

iioos  suted  in  the  text  were  those  from  which    their  changes  in  a  Certain  period  of  time, 

the  expediency  of  using  the  pendulum  •«  a  ^  year.    Although  therefore  the  solar 

standard  of  time  was  in  fact  deduced,  though      ,   ^  .       «         .  vV^i      _«.i 

they  seem  to  furnuh  the  mode  of  deducing  it,  day  IS  Of  vanable  length,  we  Can,  as  we 

whichinToWes  the  fewest  assumpUons.it  is,  indeed,  know  all  its  variations  and  their  period, 

f^ATJ'^'^':T^::r1l^^St.  ^certain  its  rnem  or  average  length; 

■nteness.    Hnygens,  who  Arst  demonstrated  the  and  this  quantity  IS  Called  a  mean  SOloT 

mathematical  principles  of  the  moUon  of  a  pendn-  W^ 

lum,  though  Galileo  had  accidentally  obserred  that  ^Twi  j   «  ..i  ■     •.  «       •  « 

Ita  oscillations  appeared  to  be  all  of  the  same  Xoe  pendulum,  although  it  fumishes 

length,  seems  to  have  proceeded  on  the  principle  us  with  the  means  of  ascertaininsc  that 

nenUoned  in  the  t«>xt,  of  assuming  that  the  force  al-    «,«»;«,-,«    ^t   4.u«  «♦«»„   «««  .^^r^««« 

ofgrariution  was  constant,  from  Uie  absence  of  *"«    motlOUS   Of   the  StarS   are  uniform, 

may  apparent  reason  for  iU  Tsrying.    From  thU  and  thoSC  of  the    SUn  variable,   is  not* 

ASSES';  'r.dl{"Si  «Jr4  b«nXud  -  f^'  ">*  «"»."•  ««  have  given  adapted 

the  sundard  of  Ume.  m  the  first  instance  for  tumishing  the 

t  These  obserrations of  disUnce  cannot  be  made  common  standard  of   time.     The  "solar 

t^SS^''Xl^Zu^^^7'<:^To^\^'::^  day.  again,  does  not  seem  well  suited 

position  that  the  heavens  do  revolve  conUnually  tO  the  purpose,  On  aCCOUnt   of  itS  vari- 

riSi:rh''.SS.7;:5Si;WS7o"^Ju'»  thS\^  aWe  length.    On  the  other  hand,  as  the 

Umiu  within  which  any  variation  must  be  confined  continual  appearances  and  re-appcar- 

innst  be  exceedingly  small:  for,  by  multiplying  ances  of  the  SUU  aboVe  the  horizon  fur- 

observations,  and  taking  a  mean,  or  average,  be.  ^-  u    «u^  ..^^..i.  -^         i     ui      j*  «.•      »• 

tween  their  i^ults.  we  may  be  sure,  where  there  is  ""^   the  mOSt  remarkable    distinctions 

no  cause  affecUng  au  the  observations  in  the  same  between  different  portions  of  time,  and 

way,  to  obtain  a  value  very  near  the  truth.  This  is  Aq  «racticallv  re<nilatp  thp  nnriiniitions 

anobvlons  and  Aecenary  consequence  from  the  "?  pracucaiiy  reguiaie  me  occupations 

supposition  that  there  is  no  constant  cause  of  error      01  men,   and    determine   thu   penods  Of 

•^^^^i,^^\^^J^^\]^^*^^l=^^y^^^^^^^    labour  and  those  of  rest,  it  would  l)e 

cause  is  likely  to  affect  them  in  different  manners,     :.  •.  a      n      a\        a.      ^      \     t 

sometimes  increasing  and  sometimes  diminishing  mconvenient  SO  tO  fix  the  standard  Of 
the  apparent  distance,  and  the  errors  thus  com-  time  USCd  respecting  thecommon  OCCU]> 
pensating  each  other,  the  mean  result,  even  where  TPncp^t  of  lifp  that  ihp  T>Prirv1«  hv  whioh 
the  individual  errors  are  considerable,  wlU  not     ^^^^^^  ^^  *"®»  }^^}  »»«,  penOQS  DV  wnicn 

differ  much  from  the  truth.  we  measure  it  shoukl  cootinually  have 
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Tvhole  cirdeeoiq;  and  the  periods  of  clock  marks  0^  0"  when  the  first  point 

rotation  through  the  arcs  AiE,  AtE,  of  Aries  is  on  the  meridian;  when  it 

AaE,  are  to  the  same  whole  sidereal  day  marks  4"  the  bodies  then  on  the  meri- 

in  the  proportions  also  of  those  respec-  dian  are  said  to  have  1°  or  4"  of  right 

tive  arcs  to  the  whole  circle  E  Ai  Q,  the  ascension :  when  it  marks  1*",  the  bodies 

same  proportion  as  the  preceding  ones,  on  the  meridian  are  said  to  have  15°  or 

The  periods  of  rotation  therefore  through  1^  of  right  ascension, 

the  arcs  Oi  e,  Ai  E,  are  equal ;  and  so  are  By  the  observation  of  time  therefore 

those  through  OtC,  and  A)E,  and  again  we  can  ascertain  the  right  ascension  of 

through  oaff,  and  A«E.     But  when  any  a  heavenly  body,  and  consequently  the 

point  of  one  of  these  meridians  coincides  meridian  on  which  it  is.    If  we  can  also 

with  the  meridian  of  the  place,  the  whole  observe  its  distance  from  the  pole,  or  its 

meridian  coincides  with  it ;  or  every  point  distance  from  the  equator,  which  is  called 

of  a  meridian  is  on  the  meridian  of  the  iti  declination,  and  is  called  North  or 

place  at  the  same  time ;  and  the  periods  South  declination  as  the  body  is  North 

of  rotation  through  corresponding  arcs  or  South  of  the  equator,  we  ascertain 

being  equal,  evety  point  of  a  meridian,  its  position  upon  that  meridian.    The 

when  not  on  the  meridian  of  the  place,  declination  being  measured  along  a  me- 

requires  the  same  time  to  arrive  at  it ;  ridian,  the    meridians    have  also   the 

and  that  time  bears  the  same  proportion  name  of  circlef  of  declinaiion.    Every 

to  a  sidereal  day  that  the  arc  of  the  equa-  point  in  a  small  circle  parallel  to  the 

tor,  intercepted  between  the  meridian  of  equator,  is  of  course  at  the  same  dis- 

the  place  and  the  meridian  in  question,  tance  from  the  equator,  or,  in  other 

bears  to  the  whole  circumference  of  the  words,  has  the  same  declination :  such 

equator.    And  conversely,  if  we  observe  a  small  circle  is  therefore  called  a  pa- 

the  time  when  one  star  is  on  the  meri-  raUel  of  declination, 

dian  of  the  place,  and  that  when  another  The  observation  of  declination  is  easily 

body  appeiu^  there  on  the  same  side  of  made.  The  horizon  of  any  given  place  is  a 

the  pole  (for  this  qualification  is  neces-  fixed  circle:  the  point  therefore  where  a 

sary  in  the  case  of  circumpolar  stars  perpendicular  ^to  the  horizon  meets  the 

which  appear  on  the  meridian  of  the  heavens  above'the  spectator's  head  (which 

place  both  above  and  below  the  pole),  is  called  the  zenith*)  is  a  fixed  point  also, 

and  note  their  interval,  we  know  tne  in-  This  point  may  always  be  ascertained, 

tervalof  theecjuator  intercepted  between  for  a  plumb  line  han^  directly  in  a  line 

the  two  meridians  ;  for  it  is  the  same  from  it    The  zenith  is  obviously  a  point 

proportion  of  the  whole  equator  which  in  the  meridian ;  for  the  plane  ot  the* 

the  observed  interval  of  time  is  of  the  meridian  passes  through  the  place  of 

whole  sidereal  day.    It  is  of  course  con-  observation  perpendicukr  to  the  horizon, 

venient  to  have  some  fixed  point  of  the  and  the  perpendicular  to  the  horizon  at 

equator  as  a  standard  of  reference,  and  the  place  must  be  a  line  in  that  plane, 

that  point,  which  we  shall  presently  see  The  zenith  is  the  pole  of  the  liorizon, 

the  reason  of  choosing,  is  called  the  first  and  if  any  great  circles  be  drawn  through 

point  of  Aries,  and  is  often  marked  the  zenith,  they  will  be  secondaries  to 

thus  cf>.    The  distance,  measured  East-  the  horizon.    These  ai-e  called  vertical 

ward,  from  cp  to  the  intersection  with,  circles:  the  meridian  of  the  place  is  of 

the  equator  of  the  meridian    passing  course  one  of  them.    The  arch  of  a 

through  any  heavenly  body,  is  called  the  vertical  circle  intercepted    between  a 

right  ascension  of  the  body,  and  is  ob-  heavenly  body  and  the  horizon,  is  called 

viously  the  same  for  every  body  upon  the  the  altitude  of  the  body,  and  can  always 

same  meridian,  and  upon  the  same  side  be  measured  by  proper  instruments  f. 

of  the  pole,   and  for  none  off  it.    The 

right  ascension    may   evidently   be  esti-  •  The  opposite  point,  where  the  perpendicular 

mated  in  time,  as  it  is  aSCertamed  by  it.  produced  below  the  hortaon   meets  the  opposite 

Thp  nniod  of  a  wholp  rpvniiitinn    nr  of  Si"*'*P»*;''*  **^  '***  heavena,  is  called  the  nadir, 

1  ne  penoa  OI   a  wnoie  reyOlUllOn,  or  OI  These,  like  many  others  of  the  terms  of  aatrouomv. 

passing    through    360  ,    is    twenty-four  are  derived  from  the  Arabian  observers. 

hours  of  sidereal  time :    in  one  such  ^j !^^ f^^^^'^l  ^**"5  ?*■"**  apparently  in  the 

i_           ai         r              u    J                     xi-          I-  centre  of  the  sphere,  the  angle  which  two  obiects 

hour   therefore    a  body  passes   through  in  the  heavens  subtend  at  £s  eye  win  accurately 

1 5°  of  right  ascension  ;   m  four  minutes  measure  the  arc  of  the  great  circle  of  the  heavens 

thromyh  1°-   and   lhp«!»»  ritrhf  a«!r»pn«iions  '"^^^•ch'ies  between  them.    This  arc  therefore,  or 

mrougn  l    ,    ana   mese  ngnt  ascensions  their  distance,   is  accurately  measured  byobser- 

may    be   equally  well    called     either    1^  vation  of  the  angle  between  them  ;  or  rather,  as 

and     15°,    or    four    minutes,     and      one  Jfc  >fn<>w  nothing  of  their  actual  dUtsnces.  we  can 

k^..*       tI, /xfko*.  «,^^r1<,    «»  J.f*^^».«:^.l  only  obuerve  the  angles,  which  give  us  the  rela- 

nour.     in  other  words,  an  astronomical  Uve  i<irec<ioiu  of  the  bodies  >  and  then  we  suppose 
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The  distance  from  the  body  to  the  ze-  declination  is  North.    When  the  North 

nith,  OP  its  zenith  distance,  together  polar  distance,  as  P  Si,  is  plater  than 

with  the  altitude,  make  up  the  whole  90°,  the  declination  SiE  =  North  polar 

distance  of  the  zenith  from  the  horizon,  distance  —  90°.      In  each  case  there* 

or  90°.    The  zenith  distance,  therefore,  fore  the   declination  is  the  difference 

is  the  complement  of  the  altitude.  between  the  North  polar  distance  and 

The  pole  is  a  fixed  point  in  the  90°,  being  North  when  the  North  polar 
meridian ;  it  is  therefore  at  a  fixed  distance  is  less,  and  South,  when  it  is 
distance  from  the  zenith  of  any  given  greater,  than  90°. 
place,  and  from  the  North  and  South  We  can  then  always  ascertain  the  de« 
points  of  the  horizon  there.  If  there-  clination  of  a  body  by  observing  its 
fore,  when  any  heavenly  body  is  on  the  altitude  when  on  the  meridian  of  the 
meridian,  its  distance  from  either  the  place.  Its  right  ascension  maybe  as- 
zenith  or  the  North  or  South  point  of  the  certained  in  the  manner  already  pointed 
horizon  can  be  observed,  its  distance  out :  or,  if  the  right  ascension  of  any 
from  the  pole,  or  its  North  Polar  di»»  particular  star  has  been  previously  ac- 
iance,  can  l>e  ascertained  from  it.  And  curately  ascertained  by  a  sufficient  num- 
it  is  obvious  that  if  an  instrument  l)e  \>&t  of  observations,  tnen  the  right  as- 
adjusted  so  as  to  move  in  the  plane  of  cension  of  any  other  star  may  l)e  found 
the  meridian,  these  distances  may  be  by  observing  the  time  which  elapses 
ascertained  by  mere  observations  of  alti-  between  its  appearance  on  the  mericLuBui 
tude  made  with  it:  for  the  altitude  of  a  ana  that  of  the  star,  whose  place  we 
body  when  on  the  meridian,  is  its  dis-  suppose  to  be  already  determined.  The 
tance  either  from  the  North  or  South  observation  of  right  ascension  gives  us 
point  of  the  horizon;  and  the  com-  the  meridian  on  which  the  body  is 
plement  of  the  altitude  is  the  zenith  situated  in  the  heavens,  and  that  of 
distance.  The  adjustment  of  the  in-  declination  the  precise  point  of  that 
strument  to  move  in  the  plane  of  the  meridian,  and  the  two  combined  give  us 
meridian,  is  more  complicated  than  that  the  exact  place  of  the  body :  for  when* 
required  merely  to  make  it  move  in  a  ever  we  can  ascertain  the  distance  of  a 
vertical  circle :  it  Is  however  generally  body  in  a  known  surface  from  a  given 
made  with  the  best  instruments,  which  point,  measured  in  two  directions  per* 
are  fixed  so  as  to  move  in  the  plane  of  pendicular  to  each  other  (as  in  this 
the  meridian,  and  in  that  only.  Having  case  along  the  equator,  and  along  a  cir- 
an  instrument  so  adjusted,  the  north  cle  of  declination),  or,  indeed,  inclined 
polar  distances  of  all  the  stars  may  be  at  any  given  angle  to  each  other,  there 
ascertained.  is  onl)r  one  point  which  can  fulfil  l>oth 

Let  Si,  St,  Sa,  S4,  in  fig,  2,  represent  conditions,  and  that  point  therefore  is 

any  heavenly  bodies  on  the  meridian :  completely  asceriainea. 

8|  £,  St  £,  Ss  E,  S4  Q,  are  obviously  In  this  manner  we  can  determine  the 

their  declinations.    Now,  observing  that  place  of  the  sun  on  every  day  in  the 

P£,  or  PQ  =  90°,   it  is  obvious  that  year;  and  the  observation  of  all  these 

whenever  the  North  polar  distance,  as  points  will  give  us  Jso  many  of  his  sue* 

PSt,  P  Sa,  P  S4,  is  less  than  90°,  the  de-  cessive  positions  in  the  heavens,  and  his 

clination  StE,Ss£,  S4Q  =  90°  —  North  path  among  the  stars  must,  therefore, 

polar  distance ;  and  in  these  cases  the  be  a  line    passing  through    all    these 

points.    This  line  is  found,  when  the 

tbem  ranged  in  the  surface  of  a  sphere,  for  the  observations  are  Carefully  made  and  re- 

convenience  of  compuutlon,  by  applying  to  them  ^-teypj     fo    be  a    irreat  circle     of    the 

tbe  principles  of  spherical  geometry.  gisierea,   lo    DC  a    great,  wrcie    ui    tne 

The  alUtade  of  a  body  U  easily  ascertained.  The  Sphere,  whlch  intersects  the  equator  at  an 

Instrument  with  which  the  observation  is  made  andc  of  23o  28'  nearly,  and  is  called  the 

can  be  mechanically  adjnsted,  so  aa  to  move  in  a  P  a'  *,        ah           a.    •     ^         ni.         i. 

TcrUcal  plane,  and,  consequently,  in  the  plane  of  a  ecltptKT,     All  great  Circles  Ot  the  Sphere 

vertical  circle.    The  place  of  the  horizon  may  be  -»..^__^_^_^__^^_^__^_^^^^_______« 

ascertained,  though  some  nicety  is  required  in  the 

ascertainment,  into  the  deUils  of  which  it  is  not  *  The  ecliptic  being  a  great  circle  of  the  sphere, 

Bccesmry  here  to  enter.    AU  inatrumenU  intended  has,  of  course,  two  poles,  which  are  distant  from 

for  obaervation  have  a  graduated  circular  Umb  the  poles  of  the  equator  by  an  arc  of  23°  28^, 

sUached  to  them,  and  when  the  plane  of  the  horl-  equal  to  the  inclination  of  the  one  circle  to  the 

son  Is  aacerUined,  the  poinU  on  the  limb  which  are  otner.    If  f^om  the  pole  of  the  ecliptic  a  secondary 

In  that  plane  may  be  found;  and  the  angle  between  be  drawn  through    any    heavenly    body   to   the 

the  diameter  joining  them  and  the  direction  of  the  ecliptic,  the  arc  of  this  circle  between  the  body 

Inatmment,  which  obviously   measures  the  alti*  and  the  ecliptic  Is  called  the  latitude  of  the  body, 

fade  of  the  body,  observed  by  means  of  the  gra-  and  the  arc  of  the  ecliptic  intercepted  between  the 

daation  on  the  limb.    There  are  additional  and  first  point  of  Aries,  and  the  intersection  of  the 

more  delicate  adiuitmenta,  which  need  not  be  de-  secondary  with  the  ecliptic,  is  called  the  longitude 

UUcd  here.  of  the  body.    The  place  of  a  body  is  of  course  «i 
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intenect  and  bisect  each  other;  and  this  notion,  when  it  obtains,  is  probably 

ODe  of  the  points  where  the  ecliptic  in-  really  owing  to  our  habitual  knowledge 

tersects  th6  equator  is  called  the  firtt  that  she  is  so,  or  to  our  being  able  to 

jiMni  of  Ariei  (the  point  from  which  distinguish  different  parts  of  her  surface 

we  have  said  that  the  right  ascension  from  each  other,  by  tne  different  degrees 

IS  measured)  ;  the  other,  the  fir^t  point  of  their  brightness.    If  however  we  ab- 

qf  Libra,   For  reasons  which  will  after-  stract  ourselves   from  such  considera« 

wards  he  seen,  the  former  of  these  is  tions,  we  shall  find  ourselves  alike  un- 

also  called  the  vernal  equinox,  the  latter  able  to  estimate  by  the  eye  tiie  distances 

the  auiunmal  equinox.    The  first  point  of  any  of  these  objects,  and  consequently 

•f  Libra  is  often  marked  thus,  :£^  unable  to  say  whidi  are  furthest  from 

0              J      rr    '  ^-        y.  «  us.     All  therefore  that  we  can  con- 

Bkction  4.^Vartaiton  qf  Sun's  op-  elude,  from  finding  the  apparent  path  of 

parent  (bameter--- Sun's  orbtt  an  the  sun  to  be  a  great  circle  of  the  hea- 

,  £lhvse,  the  ear^  bein^  tn  the  focus  yens,  is,  that  his  motion  is  in  a  i^ane 

-^Vanaiton  of  angular  vehaty--  passing  through  the  earth;  but  what 

^guoWtf  description  of  areas  by  Sun's  the  shape  of  his  circuit  is,  whether  his 

roams  vector,  distance  be  always  the  same,  or  be  va- 

Wi  have  already  stated,  that  if  any  liable,  and  whether,  if  it  vary,  it  vary 

plane  pass  through  the  centre  of  the  gradually   and  reeularly,  or    suddenly 

Mj^here^  its  hitersection  with  the  sphere  i^d  without  any  fixed  rule,  we  as  yet 

Is  a  great  efrde ;  and  that  the  ecfiptic,  u-e  quite  ignorant.    We  know  only  that 

inr  sun*8  ai^parent  path,  is  such  a  circle,  we  continually  see  him  more  Eastward 

As  yet  we  know  nothing  of  the  dis-  <Lt   every  successive  observation,    and 

tance  of  the  sun  fix)m  the  earth ;  but  consequently  conclude  that  his  motion 

It  is  dear  ^at  we  have  no  reason  to  is  always  in  that  direction,  and  not  oo- 

tnppose  his  distance  equal  to  that  of  casionally  East,  and  occasionally  West, 

the  stwrs,  or  always  the  same :  if  we  To  determine  the  form  of  his  orbit, 

have  no  means  of  comparing  his  dis-  we  need  only  know  the  proportions  (A 

tance  with  that  of  other  objects,  we  can  hb  distances  from  the  earth  at  differ- 

only  ascertain  the  direction  in  which  he  ^tit  times.    For  this  purpose  the  ac* 

npears.    Thus  the  sun,  the  moon,  the  tual   distances    arc  unimportant ;    for 

■tars  all  appear  alike  situated  in  the  con-  instance,  if  his  distance  is  always  the 

cave  surface  of  the  heavens,  although  same,  his  orbit  is  a  circle,  whatever 

we  shall  hereafter  see  that  their  dis-  be  that  distance,  which  is  the  radius 

tanoes  arc  almost  immeasurably  difPe-  of  the  circle.     Now  the  apparcnt  dia- 

tent;  and  any  one  who  has  seen  a  bright  meter  of  an  object,  or  the  angle  which 

meteor  at  night,  such  as  those  commonly  it  subtends  at  the  eye  of  the  observer, 

spoken  of  as  shooting,  or  Ming  stars,  incrcases  in  the  same  proportion  as  the 

Imows  that  they  also  appear  to  the  eye  distance  diminishes,  so  long  as  the  real 

to  be  similarly  distant.    The  very  name  diameter  continues  unchanged,  and  Uie 

indeed  of  shooting  stars  is  evidently  apparcnt  diameter  is  very  small :  *  or  in 

deduced  firom  this  circumstance.     In  ^^<i^  cases,  the  tgjparent  diameter  varies 

tbeir  case  indeed  we  know  them  rcally  inversely  as  the  distance.     Now  the 

to  be  meteors  engendered  in  the  atmo-  apparcnt  diameter  of  the  sun  may  be 

sphere,  and  therefore  know  their  dis-  very  accurately  measured,  and  it  is  found 

tance  to  be  comparativdy  small,  or  we  ^^  be  continually  varying :  his  distance 

may  sometimes  ascertain  it  to  be  so  by  therefore  is  so  also,  for  we  have  no 

comparing  observations  made  at  differ-  reason  whatever  to  suppose  that  his  ac 

snt  places;  and  in  the  case  of  the  moon,  ^ual  magnitude  changes;  and  the  pro- 

we  may  perhaps  imagine  that  she  looks  portions  of  his  apparent  diameters  at 

less  distant  than  the  sun  or  stars :  but  different  times  being  ascertained  by  ob- 

"                              servation,  the  proportions  of  his  cor- 

well  ucerUined  bT  knowing  iu  longitude  and  ia. 

SSSIitin    ^^A  thw^"^  ^*  ***•*  adapted  for  radius  (i.e..  of  the  angle  subUiKUd  by  tbc  rSXuT)' 

2^  ^m  thl.    Vi.T"  T^  '^l^f''*  ^/  ^^'  «•»  '«»*«•  di^Wed  by  the  dtatanee^  and  the  real 

£2i.^nlliS??;  k™  term.  to»^/«rf<f  and  /atf.  radlu.  being  always  tlJe  same  in  the  same  body,  U>e 

bSf  ItTtoC  r^itS  ih./,S****l'  •'^  estoblished ,  tangent  of  the  apparent  radius  varies  intenily  si 

Sthlir  ^nL  T^lw  5i«  ^^'^.r^'^'li!*"  ''**?5*°'  ^«  dlsunce.    Vt^henerer.  therefore,  the  appa^nt 

Jtam  i.If  ^*i?ni^»h^P"""»°?  "^f*"  "^'^^^y  "»»*"•  *•  •*>  «»•"»  '»»•*  tb«  arc  and  its  Ungem  may 

^   K^inf  i!S  *^         x^^^^  ***  P^*^*«  *»"  **»•  »>•  tr«*t«i  ••  equal,  the  apparent  ra<uSa  rarlei 

TS^c^^h^^^trr'^A^TAXf,!^^T'r.  ***  ^H  *°^*"*»y  "  *»»«  ^IsUnce  :  i£d  SO  of  courMi  does 

tJocMts,  but  referred  to  dUTereat  cirdea  anl  the  apparent  diameter,  which  ia  double  the  appe- 

P**"*^  rent  radius.]  ^ 
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refponding:  dittanoes  may  be  so  also,  which  shall  be  to  E  «  in  the  proportion 
If  then  we  oonoeive  lines  drawn  from  of  63  to  65,  or  to  Es%  in  the  proportion 
the  earth  to  etery  point  of  his  orbit,  of  64  to  65,  the  distance  £«8  will  be 
the  observation  of  his  right  ascension  proportionate  to  the  distance  of  the  sun 
and  declination  will  always  determine  at  the  third  observation.  All  the  dis- 
on  which  of  these  lines  he  is  situ-  tances,  therefore,  £  Si,  £  «t.  £ '%  will  be 
ated  ;  and  if  we  take  portions  of  proportionate  to  the  distances  of  the 
these  lines  always  in  the  inverse  pro-  sun  at  the  different  observations;  and 
portion  to  each  other  of  his  apparent  the  points  Su  St,  s^,  will  accurately  repre- 
diameters,  the  curve  joininfi^  the  extre-  sent  his  situations  at  those  times.  In 
mities  of  these  portions  will  be  similar  the  same  manner  his  situations  at  other 
to  his  orbit  This  perhaps  may  be  ren-  and  intermediate  times  may  be  repre- 
dered  clearer  by  a  figure,  and  an  in-  sen  ted,  and  the  line  joining  all  these 
stance.  Thus  let  us  suppose  the  sun  to  points  (the  curve  Si  sa  t^)  will  represent 
be  observed  on  an^  day,  and  that  his  his  orbit.  It  is  found,  by  careful  ob- 
apparent  diameter  is  3lV;  again,  and  servation,  that  this  line  is  an  ellipse,  of 
that  his  place  in  the  ecliptic  is  then  70*^  which  the  earth  is  in  the  focus*, 
from  that  of  the  first  observation,  and  The  ellipse  is  an  oval  curve,  divided 
his  apparent  diameter  then  of  32' ;  and  a  into  two  equal  and  similar  parts  by  a 
third  time,  and  that  his  place  in  the  edip-  line  drawn  through  its  foci,  which  is 
tic  is  then  180^  from  that  of  the  first  ob-  called  its  mqfar  aons,  or  transverse  cans. 
serration  (or  exactly  opposite  to  it),  and  If  from  one  of  the  foci  Jines  be  drawn 
his  apparent  diameter  then  of  32^'.  Take    to  every  point  in  the  curve,  the  greatest 

/fl  of  these  lines  is  that  portion  of  the  major 

Fig,d»  '     /'  axis  which  is  drawn  through  the  other 

focus  to  meet  the  curve,  and  the  least  is 
the  other  portion  of  Uie  major  axis ;  and 
the  lines  continually  diminish  from  the 
greatest  to  the  least,  and  continually  in- 
crease from  the  least  to  the  greatest.  It 
follows  therefore,  if  the  sun  moves  in  an 

ellipse  round  the  earth  in  the  focus,  that 

§         #  **  ^9     his  apparent  diameter  should  continually 

any  Irae  E  Si  to  represent  the  direction  increase  from  its  least  amount,  which  is 
of  the  sun  at  the  first  observation ;  and  when  the  sun  is  at  his  greatest  distance, 
produce  it,  in  the  opposite  direction,  to  or  in  his  (q)ogee  (from  two  Greek  words 
§,:  then  E  8.  will  represent  the  direction  signifying  away  from  the  earth)  to 
of  the  sun  at  the  third  observation ;  and  its  greatest  amount,  which  is  when  the 
if  E  S,  be  drawn  making  an  angle  of  70**  sun  is  at  his  least  distance,  or  m  his 
with  E  Si  it  will  represent  the  direction  perigee  (from  two  Greek  words  signify- 
of  the  sun  at  the  second  observation,  mg  about  or  near  the  earth) ;  and  as  the 
Now  the  apparent  diameter  of  the  sun  two  portions  of  the  ellipse  are  equal  and 
at  the  fint  observation  is  31^.  at  the  similar,  the  diminution  of  his  distance  m 
second  it  is  32' ;  his  corresponding  dis-  the  one  case  will  correspond  with  the  m- 
tances,  therefore,  are  in  the  proportion  of  crease  of  it  in  the  other,  and  at  the  end 
S2  to  31i^  or  of  64  to  63.  If,  therefore,  of  a  complete  revolution  he  will  again  be 
we  take  in  the  line  E  S,  a  portion  £  *,  at  his  original  distance.  And  so  we  ac- 
of  any  magnitude  we  choose,  and  mea-  tually  find  it.  The  least  apparent  dia- 
sure  upon  ES,  a  portion  £*«  which  meter  of  the  sun  is  of  SIJ'  nearly, 
shall  be  to  E «« in  the  proportion  of  63  and  is  at  present  observed  about  the 
to  64,  the  distances  Esi,  £*«  will  be    30th  of  June;  he  is  therefore  then  in  his 

proportionate  to  the  distances  of  the  sun    — 

at  those  two  observations.   In  the  same      •  Th«  eiupjie  ^  cme  of  *^«»/;«;  «S"«^^^ 
manner,  tne  apparent  diameter  or  tne    ^y  i^  plane,  which  passes  through  it  without  int^- 

sun  at   the    third  observation  being  of    setting  the  base,     its  fundamental  property  ta 

^«1'  hia  (lifihmciP  •!  that  ohsprvation  is     **»*■  •  ^^^  ^*  *^®  P*******  ^'**l"  **»  *^*"*?  *^ 
*^f  f  "i?  piSiance  ai  inai  OOServailon  is    ^^^  ^^^  ^^  ^^  ^^^  of  the  distances  of  any 

to  his  distance  at  the  first  observation     point  in  the  curre  from    the  two  foci  is  always 

in  the  proportion  of  31§  to  32^,  or  of    5«"»f-  P*"P'^*^7/"S?*'**rK*°a'!Il!li;?tS! 

^»  X     -S      *  J  'A  •    A     I-'     J'  i.  A  au-.     of  drawing  the  curre.    If  a  thread  be  fixed  at  toe 

63  to  65,  ana  it  is  to  niS  distance  at  the     ^^  fodTand  a  pencil  carried  round  wlUiin  the 
second  observation  in  the  proportion  of     Chread,  so  as  always  to  keep  it  stretched,  the  pencil 

■S2to324,orof64to65.    Ifjherefore.    S^;^,^S5*l:i°^:;STe^ii^.*^^^ 

we  take  m  the  fine  £  Sf^  a  portion  £  ^1^   the  two  dtotancei  from  the  foci. 
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apof^ee:  his  apparent  diameter  then  distances  themselves,  may' be  consi- 
continually  increases  until  (about  the  dered  for  very  short  perioas  of  time  as 
30th  of  December)  he  arrives  at  his  constant,  for  the  changes  of  distance  in 
perigee,  when  his  apparent  diameter  is  of  such  periods  are  so  small  that  they  may 
32'  35''  nearly :  and  then  again  it  con-  be  neglected.  The  whole  variation  of 
tinually  diminishes  until  (ab^ut  the  30th  distance  is  only  about  a  thirtietH  part  of 
of  June)  it  is  again  of  3\i\  from  which  the  least  distance;  the  greatest  difference 
Talue  it  again  begins  to  increase.  The  between  the  angular  velocities  only  about 
Tariations  of  the  apparent  diameter  a  fifteenth  part  of  the  least  angular  velo- 
being  so  small,  those  oi  the  distance  are  city ;  and  these  differences  are  the  accu- 
se also,  or  the  ellipse  differs  but  little  mulated  differences  of  months :  for  an 
from  a  circle.  hour  therefore,  or  a  day,  there  will  be 
Having  thus  ascertained  that  the  sun  no  perceptible  difference,  and  none 
appears  to  move  in  an  ellipse  round  the  which  can  at  all  affect  the  results  which 
earth,  we  next  inquire  what  is  the  rule  we  shall  deduce  from  the  supposition 
of  his  motion,  whether  it  be  regular  or  that,  during  such  a  period,  they  are 
irregular,  uniform  or  variable.  We  have  uniform. 

already  seen  that  we  can,  by  ascertain-  In  ^.  3,  let  /  be  the  place  of  the 

ing  the  right  ascension  and  declination  sun  in  its  oibit,  when  one  of  these  very 

of  a  body,  determine  its  place  in  the  short  periods  has  elapsed  since  it  was 

heavens,  or  the  direction  in  which  it  is  at  «i.    If  vie  conceive  a  straight  line 

seen  from  the  earth :   we  may  there-  drawn  from  the  earth  to  the  sun,  and 

fore  ascertain  at  each  particular  instant  moving  round  the  earth  with  the  sun,  as 

the  point  of  the  ecliptic  in  which  the  sun  for  instance,  if  they  were  joined  by  a 

is,  and,  consequently,  the  arc  through  wire,  which  we  must  suppose  to  be 

which  he  has  moved  in  each  particular  lengthened  and  shortened  as  the  sun 

interval,  or  the  angles  which  the  di-  recedes  from  and  approaches  the  earth, 

rections  in  which  he   is   successively  so  as  always  to  extend  from  the  centre 

seen  make  with  each  other.    We  have  of  the  one  to  the  centre  of  the  other,  and 

thus  the  means  of  ascertaining  his  an-  no  &rther,  this  line  will  originally  have 

ffular  velocity,  as  referred  to  the  earth,  coincided  with  £  Si,  and  its  position,  when 

Now  this  angular  velocity  is  found  to  the  sun  is  at  /,  will  be  £  i.    While  the 

be  variable,  and  it  is  also  found  to  be  sun  has  moved  from  ^i  to  ti,  therefore, 

greatest  when  the  apparent  diameter  is  or  described  the  arc  ^i  /i  this  line  or 

greatest  or  the  distance  least,  and  least  wire  will  have  described  the  small  area 

when  the  apparent  diameter  is  least  or  £  Si  t.     This  line  is  called  the  radius 

the  distance  greatest ;  and  generally,  the  vector,  and  it  is  of  great  importance  to 

greater  the  distance  the  less  we  find  the  ascertain  the  areas  which  it  describes, 

angular  velocity.    Its  inequalities  how-  and  these  we  shall  find  to  be  always  equal 

ever  are  greater  than  those  of  the  ap-  in  equsd  portions  of  time. 

parent  diameter  or  distance.    We  have  [This  area  may  be  considered  as  a 

already  seen  that  the  least  apparent  dia-  triangle,  for  the  arc  Si  t,  being  very 

meter  is  to  the  greatest  nearly  in  the  small,  differs  insensibly  from  the  straight 

proportion  of  30  to  31 ;  but  the  proper-  line  joining  the  points  Si  t ;  and  the  area 

tion  of  the  least  angular  velocity  to  the  of  a  triangle  is  equal  to  half  the  product 

greatest  is  nearly  that  of  30  to  32,  and  of  its  base,  and  the  perpendicular  from 

hardly  so  great  On  accurate  comparison  its  vertex.    Again,,  the  angle  /  E  «i  being 

of  the  dilferent  angular  velocities  with  very  small,  the  perpendicular  from  the 

the  distances,  it  is  found  that  they  vary  vertex  t  is  indistinguishable  from  a  small 

inversely  as  the  squares  of  the  distances,  circular  arc,  whose  centre  is  E,  and 

that  is,  that  they  diminish  in  the  same  radius  E  /,  or  E  ^i ;  and  these  also  may 

proportion  as  the  squares  of  the  dis-  be  considered  as  equal.   The  majrnitude 

tances  increase,  and  increase  in  the  same  of  such  an  arc  varies  as  the  product  of 

proportion  as  the  squares  of  the  distances  the  angle  /  E  S\,  and  the  radius  £  /,  or 

diminish.    For  instance,  if  the  distance  E^i.    The  area/£«i  therefore  (which 

is  doubled,  the  angular  velocity, is  re-  is  equal  to  half  the  product  of  its  base 

duced  to  a  quarter  of  its  former  amount ;  and  the  perpendicular  from  its  vertex) 

if  the  distance  is  diminished  by  a  third,  varies  as  the  distance  £  Si  multiplied  by 

the  angular  velocity  is  increased  in  the  the  product  of  the  angle /E*i  and  the 

proportion  of  1  to  the  square  of  two-  radius  £  ^i  (for  its  base  is  the  distance 

thirds,  or  of  9  to  4.  E  *i,  and  the  perpendicular  we  have  al- 

These  velocities  however,  and   the  ready  seen  to  vary  as  the  product  of  the 
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two  latter  qnantities) ;  or  it  varies  as  the  we  observe,  especially  th^  differenoe  of 

square  of  the  distance  Esi,  multiplied  the  seasons  in  the  same  country,  thedif- 

into  the  angle  /  E  #i.    If,  however,  the  ferent  len^:lhs  of  the  day  (as  distin- 

areaE^i/be  supposed  to  l)e  that  de-  guished    from  the   night)  at  different 

scribed  in  some  i^ven  portion  of  time,  as  periods  of  the  year,  and  the  different 

an  hour  or  a  minute,  and  the  angular  climates  of  different  countries ;  and  also 

velocity  be  uniform  during  the  time  of  the  equation  of  time,  or  the  manner  and 

describing  it,  the  angle  /  E  Si,  varies  as  degree  in  which  the  resd  differs  from  the 

the  angular  velocity ;  for  it  will  increase  mean  solar  time, 

or  diminish  exactly  in  the  same  proper-  «  *        y^  ^.      .      .»     ,- 

tionasthat  velocity  increases  or  dimi-  Section  5.^  Comparahve  lengOi  of 
nUhes.  The  area  /E*,  therefore,  de-  itme  dunng  which  bodies  at  dtffe^^ 
acribed  in  such  a  period  of  lime,  varies  Decimations  conttnue  above  the  hon- 
as  the  square  of  the  distance  E  Su  mul-  xon--Vanaiion  and  length  qf  Da^ 
tiplied  by  the  angular  velocity.  But  we  ^  ^  '^^  place-Tropics^qut^ 
have  se^n  that  the  angulir  velocity  f^^es  ^  Seasons  produced  by  the 
varies  inversely  as  the  square  of  the        ^"'** 

distance:    the  area  iEsi  therefore  is  Wb  have  already  seen  that  the  appa- 
pot  affected  by  the  distance  at  all,  or  it  rent  diurnal  motions  of  the  heaveidy 
is  constant ;  for  in  whatever  proportion  bodies  are  performed  in  circles,  every 
it  is  increased  by  reason  of  the  increase  point  of  which  is  equidistant  from  the 
of  the  distance  £  Si,  in  the  same  proper-  pole :  of  these  circles  the  equator  is  one, 
tion  it  is  diminished  by  the  diminution  and  is  a  great  cirele  of  the  sphere ;  the 
of  the  angle  /  E  Si.]  others  are  all  small  circles  parallel  to 
If  however  the  areas  described  by  the  equator.    The  horizon,  being  ajgreat 
the  radius  vector  in  small  equal  portions  cirele  as  well  as  the  equator,  bisects 
of  time  be  equal  in  every  part  of  the  that  circle.    It  will  immediately  appear, 
orbit,  the  whole  areas  descrioed  by  the  also,  from  inspection  of   any  of  the 
radius  vector  in  equal  portions  of  time  figures,  as  Jig.  1,  or  fig,  2,  that  of  the 
of  any  magnitude  will  also  be  equal ;  parallel  cireles  a  lar^r  portion  is  con- 
fer thev  will  be  the  sums  of  equal  num-  tinually  above  the  honzon,'and  a  smaller 
bers  of  these  small  equal  portions :  and  continually  below,    as  they  approach 
generally,  the  areas  descrioed  by  the  ra-  nearer  that  pole  which  is  above  the  ho- 
dius  vector  in  any  times  whatever  wUl  rizon.    Thus,  in  fig.  1,  Pg  being  less 
be  proportional  to  those  times.     This  than  P  Q,  /  g  r  is  a  larger  portion  of  the 
therefore  is  ascertained  to  be  a  law  of  cirele  tqrb  than  TQRisof  TQRB: 
the  motion  of  the  sun  round  the  earth,  and  the  portions  continually  to  on  in- 
and  it  is  one  which  we  shall  hereafter  creasing,  until,  finally,  the  whole  circle 
find  of  the  very  greatest  importance.  is  above  the  horizon,  as  in  the  case  of 
We    have   now   ascertained   these  eaia%a%q\n  fig.  2,  or  of  X  V  Y  U  in 
facts  with  respect  to  the  sun :  that  its  an-  flg,\y  when  the  distance,  P  g  or  P  U,  of 
nual  motion  round  the  earth  takes  place  the  body  from  the  pole  is  less  than  the 
in  an  ellipse,  of  which  the  earth  is  in  elevation  of  the  pole  al)ove  the  horizon, 
one  of  the  foci ;  that  the  plane  in  which  In  the  same  manner,  if  a  l>ody  move  in 
he   moves  is  inclined  at  an  angle  of  a  cirele  distant  from  the  other  pole,  ^, 
23°  28'  to  the  plane  of  the  equator ;  and  less  than  its  depression  below  the  hon- 
that  his  radius  vector  describes  areas  zon,  or  than  lip,  it  will  never  i^pear 
proportional  to  the  time.    These  are  tiie  above  the  horizon  at  all.    We  have  also 
principal  phenomena  of  his  motions:  seen  that  the  diurnal  motions  of  the 
they    require    however   some   qualifi-  heavenly  bodies  are  equable ;  that  iSt 
cations,  which  we  shall  hereafter  men-  that  the  times  of  passing  through  every 
tion  ;  and  we  shall  also  see  that  we  may  successive  portion  of  their  circles  of  mo- 
explain  his  apparent  motions  on  the  sup-  tion  bear  the  same  proportion  to  the 
position  that  he  is  at  rest,  and  the  earth  whole  time  of  rotation,  that  the  portion 
moves  round  him.  Just  as  we  have  said  described  bears  to  the  whole  circle ;  and 
that  we  shall  l)e  able  to  explain  the  ap-  that  the  times  of  rotation  in  eveiy  circle 
parent  diurnal  motions  of  the  stars,  by  are  the  same.    The  larger,  therefore,  the 
supposing  them  at  rest,  and  the  earth  portion  of  each  circle  of  rotation  which 
spinning  on  an  axis.  is  above  the  horizon,  or  the  nearer  that 
We  mav  however  at  once  proceed  circle  approaches  to  the  ^V^^YAi^va 
to  explain  now  these  facts  produce  some  above  tne  horizon,  \Yv%\oT^ga  >^^\»dE| 
of  the  most  important phenomenA  which  is  above  it*   If  \b^  \);^  liVyi^^^  \)A 
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abore  the  horizon,  as  it  is  here,  those  the  horizon*,  and  say  that,  where  the 
bodies  which  have  the  least  South,  or  North  Pole  is  above  the  Ihorizon,  he  is 
thegreatest  North  declination,  are  longest  longer  above  the  horizon  as  he  comes 
above  the  horizon :  and  in  like  manner,  farther  North,  and  less  so  as  he  returns 
where  the  South  Pole  is  above  the  hori-  Southward ;  or  generally,  as  his  being 
son,  the  most  Southerly  bodies  are  longest  above  or  below  the  horizon  constitutes 
visible.  The  equator  is  in  all  cases  the  distinction  between  day  and  night, 
bisected  by  the  horizon ;  in  every  place  that  the  days  are  longer  as  he  is  more  to 
therefore  a  body  in  the  equator  is  for  the  North,  and  shorter  as  he  is  more  to 
an  equal  length  of  time  above  and  below  the  South.  Where  the  SouthPole  is  above 
the  horizon ;  and  it  is  from  this  property  the  horizon,  the  days  are  of  course  longer 
that  the  circle  itself  derives  its  name.  when  he  is  more  to  the  South,  and  shorter 
These  positions,  which  are  deduced  as  he  moves  Northward.  Whatever  con- 
from  the  supposition  that  the  diurnal  elusions,  indeed,  are  true  with  respect  to 
motions  take  place  in  parallel  circles,  the  parts  of  the  earth  where  the  North 
and  uniformly,  are  not  strictly  and  ac-  Pole  is  above  the  horizon,  or  of  which  the 
curately  true  for  the  sun,  whose  place  latitude  is  North,  are  true  also  for  those 
on  each  succeeding  day  is  either  North  where  the  South  Pole  is  so,  or  of  which 
or  South  of  that  of  the  day  before,  and  the  latitude  is  South,  if  we  change  the 
whosediumal  motion,being  compounded  positions  of  the  words,  and  attribute  the 
Of  the  diurnal  rotation  of  the  whole  hea-  same  results  to  South  declination,  &c^ 
▼ens  and  his  own  motion  in  his  orbit,  which,  in  the  other  case,  we  ascril)e  to 
cannot  be  strictly  uniform,  because  his  North;  and  we  shall  not  in  future  ex- 
motion  in  his  orbit  is  not  so.  Neither  of  press  both,  but  suppose  the  North  Pde 
these  inequalities  however  need  here  be  above  the  horizon,  and  deduce  our  re- 
taken into  consideration,  so  small  is  the  suits  on  that  supposition.  The  reader 
proportion  which  they  bear  to  the  gene-  will  find  no  difficulty  in  transferring  them 
ral  diurnal  motion  which  they  affect,  to  the  other  case. 
The  heavens  complete  their  rotation,  or  We  have  then  the  sun  moving  in  an 
move  through  360°,  in  a  day.  In  that  orbit,  of  which  the  most  Southern  point 
time  the  sun's  motion  Northwards  or  is  23°  28'  South  of  the  equator,  and  the 
Southwards,  or  his  motion  in  decli-  most  Northern  23°28' North  of  it.  Taking 
nation,  is  never  so  much  as  24',  and  his  motion  from  the  first  of  these  points, 
■eldom  near  it :  a  .  quantity  so  small  where  he  is  about  the  21st  of  December, 
that  we  cannot  err  in  considering,  for  he  continually  travels  Northward   till 

Surposes  of  general  explanation,  the  about  the  20th  of  March,  when  he  is 

tumal  motion  of  the  sun  to  take  place  in  the  equator,  and  still  Northward  tili 

in  a  circle  parallel  to  the  equator,  and  about  the  21st  of  June,  when  he  attains 

distant  from  it  by  the  suns  distance  his  greatest  Northern  declination;  he 

ttom  it  when  he  is  on  the  meridian.  The  then  returns  towards  the  South,  passes 

other  inequality  arising  from  the  inequa-  the  equator  again  about  the  22nd  of 

Kty  of  the  sun's  motion  is  still  less  per-  September,  and  returns  to  his  greatest 

•oeptible:  the  whole  motion  of  the  sun  in  South  declination  about  the    2l8t  of 

-his  orbit  is  less  than  1°  in  a  day  on  an  the  following  December,  when  he  again 

•i^veraffe,  and  very  little  more  when  great-  returns    Northward     His    successive 

«st;  the  whole  difference  between  the  places,  from  December  the  21st  to  June 

greatest  and  least  motions  is  only  about  the  21st,^  being  continually  more  and 
a  fifteenth  part  of  this,  or  about  4',  a    more  Northward,  his  time  of  continuing 

quantity  which,  for  all  purposes  of  ex-  al)ove  the  horizon,  or  the  day,  conti- 

pianation,  though  not  of  computation,    ■ 

may  safely  be  neglected  in  comparison  *  "^^  "^  •^•«,  ^^^°«  ^"«  ^**"i*l*'f^  ^^  "°^« 

uL  o«aO      w         au^        !_•  i_        *^     •  on  any  given  day  In  a  circle  parallel  to  the  equator, 

WlUl  360  .     Ifiven  this,   which  occasions     will  have  the  part  of  that  circle  which  is  above  the 

■Ome  difference  of  length  in  days  taken     horl«on  bUected,  nice  any  other  heavenly  body,  by 

at  period,  thus  distant  from  each  other.    *^  £,'&!.  r.ch%rd".Vth\^T.d..n"'H.*^.I.: 

IS  the  accumulated  difference  of  half  a     therefore,  be  on  the  meridian  at  mld.day;  and 

:year ;  the  difference  in  a  single  day  will    i^^«  *■  ***;  origin  of  the  word  meridian,  which  is 

jf        '    ..       .  ....  ?   i.i_    "^  derived  from  mertdies,  a  Latin  word  tlgnlfying 

•  De    quite    imperceptible,    and    the    mo-     mid-day.    The  primary  application  of  the  word 
"tion  during  one  day  may  therefore  be     therefore  waa  to  the  meridian  of  the  place,  the 

•OBsidered  as  perfectly  uniform.    Thus    ll.r.rp.S«rro"rr?.rrc.:lr«.U'^^^^^ 

•^^6  may   with  safety   apply  to   the   sun     the  two  polet  la  only  Hecondary.  and  derived  from 

'mr  eonclusions  with   respect   to   the    !t!,^L'i"?\*f°~\,*^' '.SVf  «!^Huri/S; 

.». a.   _.  ij -     __i  .  1       i5  J    •      1-  leapona  at  aome  tune  wliA  tae  menalan  of  the 

4angtb  of  tune  for  which  a  body  is  above    piaM. 
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nnally  len^hens';  and  in  the  same  man-  or  that  half  of  his  orbit  in  the  coarse  of 
ner  it  continaally  shortens  firom  that  time  which  he  is  in  apogee,  than  that  half 
till  the  21st  of  December.  The  longest  during  which  he  is  in  perigee :  and  as  he 
day  is  the  21  st  of  June,  the  summer  sol-  is  in  apogee  between  the  vernal  and  ao- 
stice,  or  the  day  on  which  he  has  his  tumnal  equinox,  and  in  perigee  between 
greatestNorthem  declination ;  the  short«  the  autumnal  and  the  vernal,  the  former 
eflt«  the  21st  of  Deceml)er,  the  winter  interval  must  be  longer  than  the  latter* 
solstice,  or  the  day  on  which  he  has  the  or  the  summer  in  these  parts  of  the  worii 
greatest  Southern  declination ;  and  the  longer.than  the  winter.  In  fact,  the  dil^ 
circles  which  on  those  days  he  describes  ference  at  present  is  of  7  days,  16  houn^ 
are  called  the  tropics,  from  a  Greek    ajfid  50  minutes. 

word  signifying  to  turn,   because,  al*        Having  thus  seen  how  the  motion  of 
thou|;h  mja  proceeding  in  the  same  direo-    the  sun  produces  the  various  lengths  of 
tion  m  his  orbit,  he  has  reached  the  ex-    the  day,  it  is  easy  to  perceive  how  it  alae 
treme  North  or  South  point  of  it,  and,    produces  the  different  seasons  of  the  year, 
therefore,  as  it  were,  turns  l>ack,  and    Light  and  heat'being  essential  to  aU  the 
travels  in  an  opposite  tlirection  (as  to    great  operations  of  nature,  and  the  sua 
North  and  Soutn)  to  his  former  course,    being  the  great  source  of  light  and  heat. 
At  the  two  periods  when  the  sun  is  in  the    his  position  and  the  length  of  time  he  ia 
eqnator,  or  when  he  is  at  the  first  point  of    above  the  horizon  must  be  the  great 
Aries,  and  the  first  point  of  Libra,  the    causes  of  the  variations  of  season.    The 
parts  of  his  daily  course  above  and  below    variation  of  his  distance  would  of  course 
the  horizon  are  equal,  or  the  day  and    tend  tomake  his  influence  greatest  when 
ius;ht  are  equal ;    these  therefore  are    he  is  nearest,  and  this  womd  seem  oon<* 
cilled  equinoxes,  and  taking  place  in    traiy  to  observation,  as  he  is  nearest 
spring  and  autimin,  they  are  called  the    in  die  winter.    In  fact  however  other 
vernal  and  the  autumnal  equinox,  and    circumstances  are  much  more  powerful 
the  equator  itself  is  sometimes  called  the    in  increasing  and  modifying  his  effect 
equinocti(U  on  the  same  account.    The    than  this,  which  could  not  m  its  extreme 
rate  of  the  sun's  motion  Northward    variations  produce  a  difference  of  more 
or  Southward   is   most  rapid    at  the    than  about  one-fifteenth*.    The  main 
time  that  his  orlnt  intersects  the  equa-    causes  of  the  different  warmth  of  the 
tor,    and   is    hardly   perceptible   just    seasons  are  to  be  found  in  the  different 
when   he  is   at  his  greatest  distance    lengths  of  the  time  during  which  he  ie 
from  that  circle  *:  the  variation  of  the    above  the  horizon,  and  the  different  ele« 
length  of  the  day  is  therefore  most  rapid    vation  he  attains  above  it.  The  difference 
about  the  equinoxes,  and  least  so  about    of  the  length  of  the  day  evidently  tends 
the  solstices.  The  rate  of  variation  is  also    to  increase  the  temperature  by  giving  the 
affected  by  pie  rate  of  his  motion  in  his    sun  a  longer  time  to  act ;  ana  as  with  ue 
orbit ;  for  as  his  motion  in  declination  is    the  longest  dav  is  more  than  twice  th# 
jmxluced  by  that,' the  greater  his  motion    length  of  the  shortest,  this  cause  by  it- 
m  hie  orbit  IS,  the  greater,  all  other  things    self  is  far  more  than  enough  to  coun- 
continuing  the  same,  is  his  motion  in  de-    terbalance  the  effect  of  the  increased 
dination.    But  his  motion  in  his  orbit  is    distance  of  the  sun.    The  other  cause, 
greatest  when  he  is  in  and  near  his  pe-    the  difference  of  elevation,  requues  a 
rigee,  and  least  when  in  his  apogee ;  and    little  more  explanation.     In  the  first 
as  he  is  in  his  apogee  nearly  at  the    place,  the  greater  the  elevation  of  the 
summer  solstice,    and  in   his  peri^e    sun,  the  more  directly  do  his  rays  strike 
nearly  in  the  winter  solstice,  his  motion    upon  the  earth,  and  the  greater  nropor* 
is  slower  in  summer  than  in  winter,    tion  of  them  does  a  given  surface  r^ 
and  the  days  vary  still  more  sloWly  in    ceive.    Thus,  in  Jig,  4  let  the  paralld 
length  at  the  summer  than  at  the  winter  Fig.  4. 

solstice.  For  the  same  reason,  as  the 
two  portions  of  the  ellipse  from  perigee 
to  apogee,  and  from  apogee  to  perigee 
are  equal  and  similar,  the  sun  will 
take  longer  in  describing  those  180^ 

— ^— — — — — — ^—  •  ^u  other  things  conUnuIng  the  8«ine.  the  In- 

«  We  hare  already  ttated  thit  as  a  fact  ascer-  tensity  of  light  and  heat  diminishes  in  the  same 

talaedhr  obeenratlon :  it  will  he  hereafter  (in  the  proportion  that  the  square  of  the  distance  tnm 

mtfOon  on  the  equaiion  of  time)  shewn  to  be  a  ne-  their  source  increases.    In  the  case  of  the  ana 

ctMMI  coMcqvcBce  of  tiM  lacUnatlon  of  the  and  earth,  the  eitrcmt  differenca  is  about  obo- 

ccBpllctollMe^oaler.  fifteenth. 
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and  equidistant  lines  represent  rays  of  diminish,  the  whole  stock  increases: 
l^ht  proceeding  from  the  sun,  and  A  B  just  as  if  you  piour  water  rapidly  into  a 
an  object  of  any  given  magnitude  ex-  vessel  with  a  hole  at  the  bottom,  the 
posed  to  them  in  a  direction  perpen-  water  will  rise  in  the  vessel  as  long  as 
dicular  to  them,  so  as  to  intercept  them  you  pour  it  in  more  rapidly  than  it  runs 
all.  Now,  if  A  B  be  gradually  turned  out,  although  you  may  supply  it  less 
round  the  point  A,  so  as  to  form  an  copiously  after  a  time  than  you  did  at 
angle  continually  more  and  more  acute  first ;  or,  as  the  mercury  in  a  thermo- 
with  the  direction  of  the  rays,  as  at  A  C,  meter  brought  from  a  frosty  air,  and 
AD,  AE,  AF,  or  continually  more  ob-  placed  near  a  fire,  will  continue  to  rise 
tuse  as  at  Ac,  Ad,  Ae,  A/,  it  is  evi-  m  the  room  after  it  is  removed  from  the 
dent,  from  inspection  of  the  figure,  that  fire,  if  it  has  not  been  kept  there  so  long 
it  will  in  each  successive  position  re-  as  to  render  its  temperature  equal  to 
ceive  fewer  of  them ;  and  this  will  be  the  that  of  the  atmosphere  of  the  room, 
pase  however  close  the  rays  be  to  each  The  same  reason  also  explains  the 
other,  if  they  are  uniformly  so ;  for,  greater  heat  of  July  and  August  than  of 
however  we  may  multiply  the  number  of  June.  As  long  as  the  surface  of  the 
l^ays  which  pass  between  A  F  and  A  G,  or  earth  and  the  atmosphere  in  the  course 
which  fall  on  the  object  in  the  position  of  twenty-four  hours  receive  more  heat 
A F,  the  number  which  it  ceases  tore-  tlian  they  part  with,  the  general  heat 
ceive  by  passing  from  the  position  A  B  of  the  weather  increases ;  and  this  is 
to  A  F,  or  the  number  of  those  al)ove  F  the  case  long  after  the  summer  solstice, 
in  the  figure,  is  increased  in  the  same  though  the  actual  quantity  of  heat 
proportion.  Besides  this,  we  know  that  then  received  is  greatest.  The  heat. 
t)oth  light  and  heat  are  absorbed  in  pass-  of  particular  days  is  principally  in- 
ing  through  the  atmosphere;  and  as  the  fluenced  by  other  local  and  accidental 
height  of  the  atmosphere  above  the  sur-  causes ;  but  the  general  difierence  of  the 
face  of  the  earth  is  the  same,  or  nearly  seasons  depends  on  these  jprinciples.  and 
lo,  in  all  places,  the  course  of  a  ray  on  the  different  degrees  of  moisture  and 
through  the  atmosphere  is  shortest  when  cloud  in  the  air,  and  the  different  quan- 
it  falls  most  directly  upon  it,  and  longer  tity  of  evaporation  and  radiation  which 
as  its  deviation  from  the  perpendiciuar  consequently  takes  place  at  difierent 
increases  *.  On  this  account  also,  the  times.  Any  theory  of  the  seasons  rest- 
greater  the  elevation  of  the  sun,  the  ing  merely  on  the  sun's  position,  with- 
greater  is  the  light  and  heat  which  he  out  reference  to  these  other  causes, 
affords :  and  we  accordingly  observe,  would  be  imperfect  and  fallacious ;  but, 
that  the  mid-day  sun  does  actually  give  as  far  as  the  sun's  position  affects  them, 
more  light  and  heat  than  that  of  the  they  are  thus  to  be  explained, 
morning  or  afternoon,  and  the  summer 

fun  than  that  of  winter.  ^    ^,     ^    ^^^  Section  6.  —  Diferences*  a9  to  the 

It  IS  true  that  the  greatest  heat  of  the  i      ^^  ^j  j)^  ^^   ^^^  Reasons  at 

day  IS  generally  after  noon,  and  the  different  places-^Days  at  the  EquU 

greatest  heat.of  the  year  after  Midsum-  „^^^,  ev^here  of  the  same  length 

mer ;  but  these  facts  are  not  mconsistent  ^Longest  Days  greater,  and  shortest 

with  the   principles    we   have   stated.  jy       i^^^  ^  ^^  latitude  increases-^ 

There  is  a  continual  tendency  m  nature  ij  Uitude  above  66^  32',  there  are 

to  equahze  the  heat  of  different  bodies ;  ^^^^     ^^^s  of  twenty- four  hours 

those  more  heated  parting  with  their  ^^^^  ^^i^h   the  Sun  never  sets, 

heat  to  the  cooler.   This  process  is  con-  ^^^^^  ^^„w  which  he  never  rises ; 

tmually  going  on  ;  but,  as  long  as  the  ^^  ^^g,^  ^re  longer  as  the  latitude  is 

sun  IS  above  the  horizon,  and  furnishing  greater—At  the  latitude  90°,  there  is 

new  supplies  of  heat,  the  heat  will  in-  ^i   ^^  j)^^  ^nd  one  Night— At  the 

crease  if  he  supplies  it  faster  than  by  i^^^^^  ^o  ^^^  p       and  Nights  are 

tiie  ordinary  processes  of  cooling  it  is  ^i  equal-Length  of  Day  increased 

diminished  ;  and  it  will  dimmish  as  soon  ^  ^^  Sun'^  inagnitude,  and  by  re- 

as  his  supplies  are  less  than  the  ordinary  fraction-diminished  by  parallax— 

consumption.  For  a  considerable  period  W^  ^.^^  Sun  on  climate  at  dif 

after  noon  he  generally  supplies  heat  ferentvlaces 

faster  than  it  is  distributed,  and  con-  " 

sequently,  although  the  actual  supplies  We  have  thus  far  spoken  of  the  dif- 

•  See  thi.  more  fully  ezpUined  in  a  note  in  the  5*'®?^®  ?^  ^^y^  1"^  ^^,?"/  ^^  *  P^' 

■ecUon  on  BefracUou.  ticular  placc ;  we  have  stiU  to  shew  how 
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different  places  we  affected,  to  expliuii  elevation  of  the  mn  nhen  on  the  me- 

the  divenity  of  climates,  and  the  encep-  ridian  is  the  Eamc  at  each.    Wa  have 

tions  which  particular  parts  of  the  earth  already  seen,  that  at  every  place  half 

(Ihe  drcumpolar  and  intertropicBl  re-  the  equator  is  always  above,  and  half 

gions>offerto  the  general  account  which  below  the  horizon;    the   equator' and 

we  have  given.  horizon  beini;  both  of  them  great  circles, 

Forthia  purpose, let  us  suppose  seve-  Now  as  half  the  equator  is  above  the 

ral  places,  at  each  of  nhich  the  sun,  or  horizon  at  each  place,  and  the  point  of 

wiy  other  heavenly  body,  or  any  point  the  equator    on  the  meridian    b  the 

of  the  heavens,  comes  upon  the  mendian  middle  point  of  that  half,  and  that  point, 

at  the  same  time,  or  where  the  meridian  on  the  supposition  vie  have  made,  it 

of  the  place  is  the  same  preat  circle  of  ttie  same  at  each  place,  the  points  of 

the  heavens.    This  supposition  is  only  the  equator  which  are  upon  the  horizon 

made  for  the  sake  of  simplifying  a  ne-  must  be  the  same  at  each  place ;  or,  in 

cessarily  complicated  figure ;  for  every  other  words,  the  horizons  of  di&^vnt 

conclusion  which  is  true  for   a  place  places  under  the  same  meridian  ainaya 

having  this  meridian,   will  be  equally  mtersect  the  equator  at  the  same  points. 

>o  for  a  place  b&Ving  any  other,  if  the  If,  therefore,  in^.  i,  we  take  the  circle 


ERQT  to  represent  the  equator,  and  respectively  cut  ^theJ'difTerent  horizons, 

H|RN,T  to  represent  the  horizon  of  a  her,,  (,,  r„  /„  r/,  (,',  r,',  (,';  and  we 

particular  place,  R  and  T,  hein^  the  shall  immediately  see,  by_  inspection  of 

points  where  the  equator  and  this  ho-  the  Sgure,  how  the  elevation  of  the  pole, 

rizon  intersect  each  other,  will  also  be  or  the  latitude  of  the  place,  affects  the 

the  points  where  the  equator  and  Ihe  time  during  which  any  heavenly  body  is 

horizon  of  any  other  place  which  has  above  the   horizon,    and  consequently 

the  same  meridian  intersect  each  other ;  the  length  of  the  day  at  different  periods 

and  consequently,  if  through  the  points  of  the  year. 

K  and  T,  we  draw  other  great  circles  The  equator  is  biiected  by  alt  the 

H ,  R  N ,  T,  H,R  N  ,T,  these  will  re-  t]orizons  ;  and  of  course  a  body  moving 

present  the  horizons  of   other    places  in  it  is  everywhere  half  its  time  above, 

under  the  same  meridian.    If  P  be  the  and  half  below  the  horiron ;  when  the 


pole,  the  elevation  of  the  pole  at  these    sun  therefore  is  in  the  equator,  day  and 

j:ip — nt  situations  will  be  PNi,  PN„    night  are   everywhere  eqiial,    so  that 

Now,  let*  g,  8*9' be  two  small    those  periods  are  called  the  equinoxes. 


different  situations  will  be  PNi ,  PN,,     night   are    everywhere   eqiial, 

PN,.    Now,  let*  g,  8*9' be  two  small    those  periods  arecalled  thei^ , 

circles  parallel  to  the  equator  E  Q,  the    not  from  any  accidental  equality  affect- 


one  North  of  it,  the  other  South  of  it:  ing  a  particular  place  of  observation 
they  therefore  are  circles  of  diumw  only,  but  from  an  universal  fact.  -  ^ 
rotatioiD:  and  letths  points  where  they       Let  ns  next  take  the  cue  ol«.<ia^ 
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of  rotation  North  of  the  equator,  as  eq,  Edinburgh,  where  the  elevation  it  of  55^ 

and  let  us  conceive  a  great  circle  de-  57',  the  longest  day  is  of  1 7**  25" ;  the 

scribed  through  the  points  R  and  T,  and  shortest  of  6^  Sd*",  and  the  difference  of 

Sissing  also  through  the  poles  P  and  jp.  1 0**  32". 
y  a  known  property  of  the  sphere,  this  We  have,  in  our  figure,  a  third  hori» 
secondary  to  the  equator  E  Q  bisects  it,  zon.  Ha  Ns,  of  which  we  have  yet  made 
and  every  circle  parallel  to  it.  If,  there-  no  use,  but  which  will  furnish  us  with 
fore,  u  and  v  be  the  points  where  it  cuts  some  very  important  observations  It 
the  circle  eq,  uevis  half  that  circle,  will  be  seen  from  the  figure,  that  neitber 
Now  the  part  of  the  circle  eq  which  is  the  circle  eq,  nor  the  circle  d'y',  evflr 
above  the  horizon  H  N^,  is /i^n,  which  meet  this  horizon  at  all;  the  circle  e(r 
is  evidently  greater  than  uev,or  more  being  entirely  above  it,  the  cirde  iff 
than  half  the  circle  of  rotation  eq  in  entirely  below  it  A  body  moviqif 
above  the  horizon ;  and  the  part  of  the  in  the  former  circle  is  then  alwayi 
circle  e  q  which  is  above  the  horizon  above,  in  the  latter  always  below,  ^s 
H,  N,  is  t^er^,  which  is  evidently  horizon.  The  elevation  of  the  pole 
greater  not  only  than  uev,  but  also  than  P  is  greater  above  the  horizon  H«N^ 
Ij^Ti.  But  the  elevation  of  the  pole  than  above  either  Hi  NiwJHtNt!  as  thii 
above  the  horizon  Hi  Ni,  is  P  Ni,  its  elevation  increases  therefore,  some  cir- 
elevationabovethehorizon'HgNaisPNt;  cles  of  rotation  become  entirely  iJEwve 
the  preater  portion,  therefore,  of  the  circle  the  horizon,  which  were  not  so  before ; 
eqis  above  that  horizon  above  which  and  others  disappeai'  entirely  below  it. 
the  pole  is  most  elevated,  or  the  horizon  It  is  easy  to  ascertain  when  this  takes 
of  that  place  which  has  the  greater  place  for  any  particular  circle.  Taking 
latitude.  Now  eq  being  a  circle  of  the  case  of  the  circle  ^  g,  the  point  most 
rotation  North  of  the  equator,  may  re-  elevated  above  the  horizon  is  «,  where 
present  the  sun^s  line  of  diurnal  motion  it  cuts  the  meridian  on  one  side  of  the 
when  his  declination  is  North ;  and  we  pole ;  the  point  least  elevated  above,  or 
consequently  deduce  the  following  gene-  most  depressed  below,  the  horizon  is  g, 
ral  rule,  that  wherever  the  North  Pole  where  it  cuts  the  meridian  on  the  other 
f  *  above  the  horizon^  and  the  sun's  de-  side  of  the  pole.  ,  Whenever  therefore 
dination  is  North,  the  day  is  longer  q  is  above  the  horizon,  the  whole  circle 
than  the  night ;  and  that  in  different  is  so.  Now,  the  zenith  is  90**  from  the 
places f  the  day  is  longer  where  the  horizon,  and  the  pole  90°  from  the  equa- 
North  Pole  is  more  elevated  above  the  tor ;  and  these  equal  arcs  of  90°  are 
horizon,  and  shorter  where  it  is  less  so.  made  up  in  one  case  of  the  distance  of 
In  the  same  manner,  taking  the  case  the  pole  from  the  zenith,  and  the  lati- 
of  a  circle  of  rotation  South  of  the  equa-  tude  of  the  place,  or  elevation  of  the 
tor,  as  ef  q',  the  circle  PRjdT  divides  it  pole  above  the  horizon,  in  the  other  of 
also  into  equal  parts  u'  e'  v',  uf  q'  v',  the  same  elevation  of  the  pole  above  the 
and  f  ef  r^,  the  part  above  the  horizon  horizon,  and  the  depression  of  the  point 
Hi  Ni  is  evidently  less  than  u'  d  x/ ;  and  Q  of  the  equator  below  it.  The  zenith 
t$' e' r2'i  the  part  above  the  horizon  distance  of  the  pole,  therefore,  and  the 
Hg  Nt,  is  evidently  still  less  than  t'  ef  r'.  depression  of  the  equator  at  the  point 
Whenever  the  North  Pole,  therefore,  is  Q  below  the  horizon  are  eouaL  Now, 
above  the  horizon,  and  the  suns  de-  it  is  clear  that  whenever  the  North  decli- 
clination  is  South,  the  day  is  shorter  nation  of  a  body,  as  Q  g,  is  less  than  the 
than  the  night ;  and  in  different  placeSf  depression  of  the  equator  below  the 
the  day  is  snorter  where  the  North  Pole  horizon,  as  it  is  in  the  cases  of  the  hori- 
t>  more  elevated  above  the  horizon,  and  zons  Hi  Ni,  Ht  Ng,  the  body  when  it 
longer  when  it  is  less  so,  comes  to  the  meridian  at  q  is  be- 
As  the  days  both  lengthen  and  shorten  low  the  horizon;  but  that  when  the 
more  and  more  as  the  elevation  of  the  declination  Q  ^  is  greater  than  that 
pole  increases,  of  course  the  inequality  of  depression,  as  it  is  in  the  case  of  the 
their  lengths  increases.  Thus  at  London,  horizon  Ha  Ng,  the  body  at  q  is  above 
where  the  elevation  of  the  pole  is  of  the  horizon;  and  then  its  whole  circle 
f»l°31',  the  longest  day  .is  of  1 6»*.  34™ ;  of  rotation  is  so.  When  the  declina- 
the  shortest  of  7**  44™,  and  the  differ-  tion  of  the  body,  and  the  depression 
fence  of  8^  50".  At  Paris,  where  the  of  the  point  Q  are  exactly  equal,  the 
pole  is  only  elevated  48°  50',  the  longest  body  just  touches  the  horizon  at  q,  and 
day  is  of  16^  7™;  the  shortest  of  S^  11",  all  the  rest  of  its  course  is  completely 
and  the  difference  of  7^  56*°.    And  at  above  it  Generally  therefore,  u>herever 
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the  North  dedinaiion  of  a  body  is  not  rupted  daylight.    In  the  same  manner, 

!e99  than  the  depression  of  the  point  as  soon  as  the  South  declination  is  equal 

Q  o/  the  equator,  or  than  the  zenith  to  this  zenith  distance  (here  15®),  tiie 

distance  of  the  pole,  no  part  of  its  whole  sun's  course  will  only  just  touch   the 

course  of  diurnal  rotation  is  below  the  horizon ;  and  from  that  time  till  he  at- 

horizon.  tains  his   greatest    South   declination, 

In  the  same  manner,  taking  the  case  and  again  tUl  he  returns  to  the  same 

of  the  circle  tf' g',  we  shall  find  that  the  South    declination    (15°),    his    whole 

most  elevated  point  ^  never  rises  ahove  course  will  be  below  the  horizon ;   so 

the  horizon  Hs  Nt,  when  the  South  decli-  that  for  a  considerable  period  (in  this  in- 

nation  B  ef  exceeds  the  elevation  of  the  stance  from  the  2d  of  November  to  the 

point  E  of  the  equator  above  the  hori-  8th  of  February),  there  will  be  uninter- 

Kon ;  and  as  the  90®  from  the  horizon  to  rupted  night.    These  intervals  of  unin- 

the  zenith  are  made  up  of  this  elevation  terrupted  day  and  night  are  obviously 

and  the  zenith  distance  of  the  point  £,  longer  as  the  latitude   increases ;    for 

and  the  9{f  from  the  point  £  to  the  pole  then  the  zenith  distance  of  the  pole,  or 

are  made  up  of  the  same  zenith  distance  the  declination  at  which  the  sun  begins 

of  the  point  £  and  the  zenith  distance  to  be  continually  above  or  continually 

of  the  piole,  the  elevation  of  the  point  E,  below  the  horizon,  diminishes,  and  the 

and  the  zenith  distance  of  the  pole  are  sun  in  consequence  attains  that  declina- 

equal.     Generally  therefore,  wherever  tion  sooner  after  one  equinox,  and  does 

the  South  declination  of  a  body  is  not  not  return  to  it  till  a  shorter  time  before 

less  than  thexenith  distance  of  the  pole,  the  other;  or  the  interval  during  which 

no  part  of  its  whole  course  of  diurnal  he  has  that  or  greater  declination  if 

rotation  u  above  the  hojigon,  longer. 

The  greatest  North  and  South  decli-  When  the  pole  coincides  with  the 
naiions  of  the  sun  are  of  23®  28'  each ;  zenith,  or  the  latitude  is  90®,  the  equa- 
for,  although  there  is  some  little  difiPer-  tor  coincides  with  the  horizon.  In  this 
ence  in  the  observations  of  the  two,  they  case  therefore,  every  circle  parallel  to 
may  without  sensible  error,  for  this  pur-  the  equator,  and  North  of  it,  is  en- 
pose,  be  treated  as  equal.  These  are  tirely  above  the  horizon,  and  eveiy 
nis  declinations  at  the  solstices.  Where  point  of  it  at  the  same  elevation ;  and 
therefore  the  zenith  distance  of  the  pole  all  circles  parallel  to  the  equator,  and 
is  of  23®  28',  or  the  latitude  of  66°  32',  South  of  it,  are  entirely  below  the  hori* 
th€  sun  at  the  summer  solstices,  where  zon.  Here  then  all  bodies  which  have 
he  is  at  his  greatest  North  declination.  North  declinations  are  always  above 
will,  at  his  lowest  point,  only  lust  touch  the  horizon,  and  describe  circles  in  their 
thehorizon,  and  all  the  rest  of  his  course  daily  rotation  parallel  to  it;  and  dl 
for  that  day  will  be  al)Ove  it ;  or  there  will  bodies  which  have  South  declination  are 
be  one  day  of  24  hours,  with  no  night :  always  below  the  horizon.  At  the  ver- 
and,  in  the  same  manner,  there  ym\  be  nal  equinbx  therefore,  the  sun,  which 
one  period  of  24  hours,  when  the  sun  is  then  comes  upon  the  equator,  just  coin- 
al  the  winter  solstice,  during  which  he  cides  with  the  horizon ;  he  is  then  con- 
will,  at  his  highest  point,  only  iust  touch  tinually  above  it  while  his  declination  is 
the  horizon,  and  the  rest  of  his  course  North,  or  until  he  returns  to  the  equator 
will  be  below  it ;  or  there  will  be  a  ni^ht  at  the  autumnal  equinox,  and  from  that 
of  24  hours,  and  no  dav.  If  the  zenith  time  continually  below  it.  while  his  deoli- 
distance  of  the  pole  he  less  than  23®  28',  nation  is  South,  or  until  he  returns  again 
or  the  latitude  greater  than  66°  32',  (as,  to  the  equator  at  the  succeeding  vernal 
for  instance,  if  the  zenith  distance  be  15®,  equinox.  In  this  case,  therefore,  there 
or  the  latitude  75®,)  then,  as  soon  as  the  is  uninterrupted  daylight  for  half  the 
sun  attains  a  North  declination  equal  to  year,  and  then  uninterrupted  night  for 
that  zenith  distance,  (in  this  instance  the  remainder.  . 
15®,)  his  daily  course  will  only  just  touch  The  pole  ma)r  also  coincide  with  the 
the  horizon ;  and  from  that  time  for-  horizon,  which,  in  this  case,  will  be  re- 
ward till  he  attains  his  greatest  North  presented  by  the  circle  Vp,  which,  as  we 
declination,  and  i^in  till  he  returns  to  nave  already  observed,  bisects,  and  is 
the  same  North  declination  (15°),  his  perpendicular  to,  every  circle  of  rota- 
whole  course  will  be  above  the  horizon ;  tion,  as  E  Q,  e  a,  and  ef  q\  In  this 
or,  for  a  considerable  period  (in  the  in-  case  then  every  neavenly  body  is  an 
•taiioe  piit,  from  the  30th  of  April  to  the  equal  time  above  and  below  the  hori- 
12th  of  August),  there  will  l)e  uninter-  s^oq.;  and  the  sun  therefore  is  «o  whall- 
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ever  be  his  declination,  or  at  every  increased  by  the  time  corresponding 
period  of  the  year.  to  this  difFerence  of  elevation,  and  the 
We  have  now  generally  ascertained  zenith  distance  of  the  pole  at  the  p<»nts 
the  manner  in  which  the  length  of  the  where  some  part  of  the  sun  is  first  seen 
day  differs  at  different  places.  There  never  to  set  at  the  solstice,  and  the  South 
are  however  two  causes  which  make  declination  of  the  sun  when  first  seen 
the  length  of  the  day  greater  and  that  of  on  the  horizon  where  the  pole  and  zoiith 
the  night  less  than  we  have  stated  it  coincide,  are  increased  m  exactly  ^ 
In  speaking  of  the  sun,  as  in  the  equa-  same  manner  by  this  cause,  as  we  ha?e 
tor  or  honzon,  we  mean  that  his  centre  already  seen  that  they  are  by  the  appsr 
is  so.  At  these  instants  therefore,  his  rent  magnitude  of  the  sunhimsell 
Northern  limb,  or  the  Northern  part  of  A  short  notice  of  the  nianner  in  which 
his  visible  circumference,  is  North  of  the  the  climates  of  different  places  d^fo 
equator,  his  upper  limb  above  the  hori-  will  be  sufficient.  We  nave  already 
2on ;  and  as  the  mean  apparent  semi-  seen  that  the  sun's  influence  depends  oa 
diameter  of  the  sun  is  about  16',  the  the  length  of  time  during  which  he  ooii> 
sun  begins  to  appear  on  the  horizon,  or  tinues  above  the  horizon,  and  the  ele> 
the  equator  or  any  circle  parallel  to  the  vation  he  attains  above  it.  The  neatest 
equator,  sooner  than  we  have  stated,  by  elevation  of  the  sun,  like  that  of  ful  other 
the  time  corresponding  to  that  difference  heavenly  bodies  in  their  daily  rotation* 
of  elevation  in  the  one  case,  and  of  de-  is  always  when  he  is  on  the  meridian ; 
clination  in  the  other ;  that  is  to  say,  his  and  his  distance  at  that  time  fipom 
upper  limb  appears  on  the  horizon  when  the  Southern  point  of  the  horizon  is 
his  centre  is  16'  below  it,  and  thus  the  always  equal  to  the  distance  of  the 
length  of  each  day  is  increased ;  and  the  intersection  of  the  meridian  and  equa- 
greatest  declination  of  the  Northern  limb  tor  from  that  point,  increased  by  the 
being  16'  greater  than  the  declination  of  declination,  when  North,  and  diminished 
the  centre,  or  being  23°  44',  some  part  by  it  when  ^outh  * ;  or,  as  the  dls« 
of  the  sun  is  always  above  the  honzon  tance  of  the  intersection  of  the  meri- 
at  the  summer  solstice,  where  the  zenith  dian  and  equator  from  the  South  point 
distance  of  the  pole  is  23°  44',  instead  of  the  honzon  is  equal  to  the  zenith 
of  23°  28'.  So  also,  where  the  pole  and  distance  of  the  pole,  the  sun*s  distance 
zenith  coincide,  as  the  North  limb  of  the  from  that  point  when  he  is  on  the  meri* 
sun  is  on  the  equator,  when  the  decli-  dian  is  equal  to,  the  zenith  distance  of 
nation  of  the  centre  is  16'  South,  some  the  pole  mcreased  by  his  declination 
part  of  the  sun  is  continually  seen  on  when  North,  or  diminished  by  it  when 
the  horizon,  not  merely  from  the  time  of  South.  When  the  declination  is  South, 
his  coming  to  the  equinox,  but  from  the  and  greater  than  the  zenith  distance  of 
time  that  his  South  declination  is  less  the  pole,  this  expression  becomes  nega« 
than  16'.  There  is  another  cause  also,  tive ;  and  the  sun  never  rises.  When  it 
which  produces  a  similar  effect,  and  to  has  a  positive  value,  it  continually  in- 
a  greater  degree.  In  speaking  of  the  creases  as  the  South  declination  dimi- 
place  of  the  sun,  we  have  hitherto  given  nishes,  or  the  North  decimation  in- 
the  results  of  observation,  as  they  are  creases.  Now,  the  whole  arch  of  the 
obtained  after  allowing  for  the  operation  meridian  from  South  to  North  is  180®; 
of  certain  causes  which  materially  com-  and  consequently  when  the  meridian 
plicate  them  in  the  first  instance,  and  distance  of  the  sun  from  the  South  point 
which  we  shall  hereafter  explain  under  exceeds  90°,  he  is  nearer  the  North  point 
the  heads  of  parallax  and  refraction,  than  the  South  point;  his  meridian  ele- 
Parallax  tends  to  make  the  apparent  vation,  therefore,  in  that  case  is  his  dis- 
place of  a  body  lower  than  that  which  tance  from  the  North  point,  and  dimi- 
we  consider  it  really  to  occupv,   and    • 

which  we  call  its  real  place  ;   refraction  ,*. '^«"  conclusions  win,  perhaps,  appear  more 

to  make  it  higher;  and  as  the  effect  of  tZ'^^' sl^^^oi^t o? :tX"^on.^■i•^ 

refraction  is  much  greater  than  that  of  intersection  of  the  equator  and  meridian,  S,  and 

parallax  upon  the  sun,  the  joint  effect  !i?jrJLrPs*"t"{  ^'^'^  '?/*"?««"»  ?f »»»«?";  »»»»»• 

|/»tcu*ttA      I                         ,           J  meridian,  8 ,  being  a  situation  wliere  his  decllna- 

Of   the    two   is    to   render  the    apparent  tlon  is  south,  S,  where  it  is  North.    S,   H  and 

higher  than   the  real  place.     When  the  S2  H  are  evidently  hts  distances  at  those  times 

-...«    4U«^«f«..«  \o    ••oolltr  iirknn   fVio  hnr\  wom  H,  the  South  point  of  horlson ;  and  Si  His 

sun    therefore  is    really  upon  the  hOri-  ^^  <iutance.  E  H,  of  the  intersection  of  the  me 
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nishes  as  his  decHnaf  ion  increases,  after    ent  places,  are  more  easily  ascertained* 
it  has  once  attained  that  value  which    The  least  distance  from  the  South  point  is 

makes  it  equal  to  90°.  always  the  difference  between  the  eleva- 
The  greatest  value  of  the  declination  tion  of  the  equator  where  it  crosses  the 
is  23®  28' :  whenever,  therefore,  the  meridian,  and  the  greatest  South  decli- 
zenith  distance  of  the  pole  is  less  than  nation :  and  this  is  necessarily  the  least 
66*  32',  the  sun's  meridian  distance  from    meridian  elevation,   except  where  the 

the  South  point  can  never  exceed  90° :  poles  are  in  the  horizon,  and  there  are 

this  distance  therefore  is  the  sun's  alti-  equal  elevations  on  the  North  and  South 

hide  at  the  time,  and  increases  for  all  side  of  the  zenith.    The  least  elevation 

places  as  the  sun  moves  Northward ;  therefore  increases,  as  the  elevation  of 

and  it  is  greatest  on  the  same  day,  for  the  point  of  intersection  of  the  equator 
different  places,-as  the  zenith  distance  of    and  meridian  increases,  or  as  the  zenith 

the  pole  mcreases,  or  the  elevation  of  distance    of  the  pole  increases  ;    and 

the  pole  diminishes.  The  influence  of  the  the  greater   this  zenith    distance    the 

sun  then,  as  far  as  it  is  determined  by  greater  is  the  least  meiidian  elevation  of 

his  elevation,  increases  as  the  elevation  the  sun.     But  we  have  already  seen 

of  the  pole  diminishes,    within  these  that,  as  the  zenith  distance  of  the  pole 

limits.     We  have  already  seen  that  the  increases,  or  its  elevation  diminishes, 

length  of  the  day  increases,  when  the  the  length  of  the  shortest  days  increases ; 

sun's  declination  is  North,  as  the  eleva^  and  consequently  on  both  accounts  the 

tion  of  the  pole  increases.    These  two  influence  of  the  sun,  during  the  period 

causes  of  heat  therefore  are  opposed  to  of  his  South  declination,  is  mcreased  as 

each  other,  and  we  cannot  easily  tell  in  the  elevation  of  the  North  Pole  is  dimi- 

what  degree  they  may  counteract  each  nished.    We  should  exfieet,  therefore, 

other ;  and  in  fact  we  know  that  in  high  to  find  the  winters  diminish  in  severity, 

latitudes,  or  places  where  the  elevation  as  the  elevation  of  the  North  Pole  dimi- 

of  the  pole  b  great,  the  summers  are  nishes. 

often  very  hot,  although  the  elevation  of  It  may  seem  also,  that,  notwithstand- 

the  sun  is  small.  ing  the  difficulty  of  comparing  the  sun's 

Where  the  zenith  distance  of  the  nole  extreme  power  at  different  places,  his 

is  greater  than  66°  32',  we  are  still  less  average  power  may  be  accurately  com- 

able  to  arrive  at  any  satisfactory  con-  pared.    The  whole  time  for  which  the 

elusion.    In  this  case  we  have  already  sun  in  the  course  of  a  year  is  above 

seen  that  the  meridian  elevation  of  the  the  horizon,  is  everywhere  the  same  or 

sun  may  have  to  be  measured  North-  nearly  so.    If,  in /iff,  5,eqheh  circle  of 

ward,  and  that  it  will  then  decrease  as  rotation  North  of  tne  equator,  and  e^  qf 

the   declination    increases,  or    as    the  be  one  South  of  it,  and  at  the  same  dis- 

length    of  the   day  increases.      Thus  tance  from  it,  the  portion /i  en  of  the  first 

the  two  causes  which  affect  the  solar  circle  which  is  above  the  horizon  Hi  Ni, 

power  are  here  opposed,  so  as  to  pre-  and  the  part  tj  q'  r/  of  the  second 

vent  us  from  even  saying  when  it  is  circle  which  is  below  it,  are  in  all  cases 

greatest    at  the   place    itself;    and  of  equal;  and  so,  of  course,  are  the  parts 

course  we  have  another  difficulty,  added  remaining.    The  parts  above  the  hori- 

to  that  already  mentioned,  in  comparing  zon*  therefore,  tieri    and  ti  e' ri'  are 

it  with  the  corresponding  power  in  other  together  equal  to  the  whole  of  one  of 

situations.     When  the  pole  is  in  the  these  circles ;  or  the  time  for  which  the 

horizon,  the  length  of  the  day,  as  we  sun  is   above  the  horizon  in  the  two 

have  already  seen,  is  always  equal.    In  days  during  which  he  describes  the  two 

this  case  the  power  of  the  sun  to  com-  circles  e  q,e'  q\  is  equal  to  the  time  of 

municate  heat  depends  only  on  his  ele-  describing  one  of  the  circles,  or  to  a 

vat  ion.    Now  here  the  equator  passes  day,  and  the  time  during  which  he  is 

through  the  zenith,  and  the  meridian  below  the  horizon  is  so  also ;  and,  in 

elevation  of  the  sun  is  therefore  great-  this  manner,  as  the  sun  in  liis  course 

est  when  he  is  in  the  equator,  and  con-  has  equal  North  and  South  declination, 

tinually  less  as  he  recedes  from  it,  either  two  days  may  continually  be  found,  in 

towards  the  North  or  the  South.    Here  which,  taken  together,  the  whole  time 

therefore  the  equinoxes  are  the  periods  of  the  sun's  being  above  the  horizon  is  ' 

of  the  greatest,  the  solstices  of  the  least  equal  to  that  of  his  being  below  it ;  and 

solar  power.  the  whole  vear  may  be  divided  into  these 

The  periods  of  the  least  solar  power,  pairs  of  days,  or  only  not  so,  because 

which  eorrespond  to  the  winter  of  differ*  tlie  sun's  motion  being  rather  more  rapi4 
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in  the  Southern  than  the  Northern  part  tions,  that  they  divided  the  whole  euth 
of  his  orbit,  thedajrs  during  which  he  into  climates  accordingly;  and  having  no 
is  longer  below  than  above  the  horizon,  actual  knowledge  of  the  high  Northern 
are  not,  in  places  North  of  the  equa-  regions,  nor  of  those  near  tlw  equinoctial 
tor,  quite  so  many  as  those  when  he  line,  or  South  of  it,  they  conceived  the 
is  longer  above  it.  In  the  same  man-  former  to  be  uninhabitable  from  extreme 
ner,  if  the  circle  eq  is  entirely  above  cold,  and  the  countries  near  the  equi- 
the  horizon  HgNa,  the  circle  ^9'  is  en-  noctial  to  be  equally  so;  from  extrame 
tirely  below  it ;  and  thus  the  period,  heat.  The  experience  of  modem  times 
during  which  the  sun  never  sinks  below  has  proved  that  both  supporitions  were 
the  lK>rizon,  is  counterbalanced  b;^  a  extravagant :  and  it  has  farther  ahewa 
period  during  which  he  never  rises  that  the  heat  of  different  places  where 
above  it.  the  elevation  of  the  pole  is  the  same  is 
Tddng  the  extreme  case,  when  the  very  different ;  that  it  is  indeed  so  mueli 
pole  is  in  the  zenith,  these  periods  are  each  affected  l^  local  causes,'as  the  efovatkm 
of  them  from  equinox  to  equinox,  or  they  of  the  countrv  above  the  levri  of  the  sea, 
comprehend  each  half  the  sun's  coiu^e,  its  degree  of  cultivation,  its  geological 
and  they  only  differ  therefore,  like  the  constitution,  the  average  moistnre  of 
others,by  the  small  inequality  occasioned  the  soil  and  atmosphere,  the  prevalent 
l^  his  variable  rate  of  motion.  When  winds,  the  extent  of  continent  with  which 
the  pole  is  in  the  horizon  we  have  already  it  is  connected,  and  other  similar  cir- 
■ecn  that  the  da3r  and  night  are  always  cumstances,  that  the  mere  consideration 
equal.  Neglecting  therefore  the  slight  of  the  average  influence  of  the  son,  at 
inequality  we  have  mentioned,  (which  deduced  from  his  average  elevation,  is 
makes  the  whole  period  during  which,  in  quite  inadequate  to  give  any  infiunnar 
the  course  of  a  year,  the  sun  is  above  the  tion  as  to  the  comparative  temperatore 
horizon,  somewhat  longer  when  the  of  different  places.  Thus  Edmborgb, 
North  Pole  is  so,  and  shorter  when  the  Moscow,  and  Copenhagen,  have  all 
South  Pole  is,  and  thus  tends  to  render  nearly  the  same  latitude  ;  but  the  Battle 
the  heat  of  the  former  greater  than  that  is  frozen  up  every  year,  while  the  sea  near 
of  the  latter  climates)  we  mav  consider  Edinburgh  is  unencumbered  with  ice, 
that  everjTwhere  the  sun  is  half  the  year  and  the  severities  of  a  Russian  winter, 
above,  and  half  below  the  horizon ;  and  and  the  early  period  at  which*they  oom- 
his  influence  to  produce  heat  throughout  mence,  have  too  lately  been  the  aubjeds 
the  year,  and  consequently  the  average  of  history,  for  us  to  want  any  oOier 
heat,  as  far  as  he  occasions  it,  will  de-  proof  of  the  comparative  mildness  of  the 
pend  upon  his  average  elevation  above  climate  of  Scotland*.  It  would  there- 
the  horizon,  and  be  greatest  where  that  fore  he  useless  to  enter  into  any  labe- 
ls greatest,  and  least  where  that  is  least,  rfous  research  to  discover  the  exact  laws 
It  would  however  lead  to  very  compli-  according  to  which  a  power,  whidi  we 
cated.investigation,  if  we  were  to  endea-  find  not  to  have  the  importance  once  at- 
vour  to  determine  the  manner  in  which  tributed  to  it,  varies ;  nor  should  we  have 
this  average  elevation  differs  at  different  given  to  it  even  so  much  consideration 
places.  It  is  sufficient  to  state  generally  as  we  have,  unless  the  investintion 
that  it  is  greatest  when  the  pole  is  in  the  had  involved  in  it  some  facts  and  prin- 
horizon,  and  continuallv  diminishes  as  ciples  which  are  really  of  value ;  the  ex- 
the  elevation  of  the  pole  increases ;  or  planations,  we  mean,  of  the  manner  in 
the  influence  of  the  sun  for  the  whole  which  the  greatest  and  least  sdajr  power 
year  is  greatest  when  the  latitude  is  yary  at  different  places,  and  the  im- 
tiothing,  it  gradually  diminishes  with  the  portent  general  fact  that  the  whcrfe  pe- 
increase  either  of  North  or  South  latitude^  riod  of  daylight  during  the  year  is 
and  is  least  where  the  latitude  is  of  90®.  equal,  or  very  nearly  so,  at  every  pkee 
And  it  is  familiarly  known  to  every  one  on  the  earth's  surface. 

that   these  deductions  actually  corre-    . 

spond  with  the  general  results  of  obser- 
vation ;  that,  generally,  the  countries  *  O"  intercourw  with  our  North  Amcrieu 

^1*            •       !•  tt'^^fif           i.\      1-  possessions  furnisbes  a  Still  more  ttrikiiiffezunple. 

near  the  equinoctud  line  (for  so  the  line  the  mouth  of  the  river  St.  Lairrence  f«  in  the  llitl- 

where  the  latitude  is  nothing  is  called,  *«<*«  of  about  49°  n.,  more  than  2**  south  of  Lon- 

♦ViP   riftv  and   niirht   hAina   tWp   nlwava  don ;  and  this  is  the  most  Northerly  point  of  tha 

me  aay  ana  nigni  peing  inere  aiways  ^^^^ .  y^^  ^,|  access  to  Canada  is  stopped  by  the 

equal)  are  the  hottest,  those  in  high  latl  frost  which  closes  the  river  at  an  eariy  period 

tndes  the  coWest.    The  ancients  mdeed  ^Z***  J'^JT*  "^  ^^  *"  ^1,°??  ^''•^  »P; 

put  80  much,  faith  in  theee  oonaklera-  ff^,.»*^^«»  rtcmmence.  tmui  uie  mouth  ^ 
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fiolibn  0/  the  Ecliptic^DeducHon  of  ^^  fnoiiotL    A  body  moving  with 

ZkT  «^#.11.^7/  fi^J^!nfin^fh*^i^hn^ii  *^^  "^"  motioii,  and  of  course  movinflr 

ike  na^B  qftheequaiton  throughout  ^ifonnly,  for  the  whole  time  occupied 

•  by  the  whole  series  of  ;the  real  motions, 

A  OEiAT  number  of  the  most  import-  would  move  through  the  same  space  as 

ant  elements  involved  in  astronomical  the  real  body,  but  its  place  at  many,  or 

reteaicbet  are  variable  in  their  amount  all  intermediate  periods,  woiUd  be  dif- 

Thcir   Tariations,   however,    generally  ferent  from  the  place  of  the  real  body, 

fooceed  each  other  in  a  ceitun  order,  on  account  of  the  difference  between 

and  are  confined  withm  certain  limits ;  the  real  and  mean  motions.    The  place 

and  when  these  limits,  and  all  the  vary-  of  a  body  so  moving,  or  the  place  which 

ing  values  are  ascertained,  it  is  of  course  the  real  body  would  occupy  on  the  sup- 

poasible  to  take    an   average    among  position  that  it  moved  uniformly,  and 

them,  and  this  average  value  is  termed  described  in  the  time  occupied  by  the 

a  mean  value.  whole  series  of  its  real  motions  the  same 

It  if  indeed  always  possible  to  take  spaces  which  it  actually  does,  is  called 

an  avenige  between  any  number  of  ob-  the  mean  place  of  the  body.    In  the 

•orvations,  or  of  ascertained  values  of  a  same  manner  an  event  which  happens 

particular  element ;  but  unless  the  ob-  at  various  intervals  which  succeed  each 

iervations  are  so  taken  that  the  whole  other  in  a  certain  and  recurring  order, 

eouTM  or  cycle  of  the  variation  is  in-  will  have  a  mean  time  of  occurrence. 

dudedf  it  is  not  usual  to  call  the  average  Now  it  very  generally  happens  in  astro- 

a  naean  value ;  or  rather  it  is  not  the  nomy  that  it  is,  less  inconvenient  first 

absolute  mean  value  of  the  thing  itself,  to  compute  the  mean  place  of  a  body, 

it  is  only  its  average  or  mean  value  for  or  the  mean  time  of  an  event,  and  then 

a  certain  time,    ior  instance,  we  have  to  ascertain  the  difference  between  the 

already  seen  that  the  length  of  the  day,  mean  and  the  true,  than  to  go  through 

eonttdered  as  the  intervu  firom  sunrise  the  computations  necessary  to  find  the 

to  sunset  is  continually  varying,  but  true  time  and  place  in  the  first  instance. 

that  it  goet  tlurough  all  its  changes  in  When  once  the  mean  values  have 

the  intaval  from  one  solstice  to  another,  been  ascertained,  the  mean  motion  of  a 

Its  average  duration  for  this  whole  time,  body  during  a  known  period,  its  mean 

then,  is  its  mean  value :  it  is  a  little  place  at  a  known  time,  the  mean  time  of 

more  than  twelve  hours,  and  it  is  very  the  occurrence  of  a  given  event,  are 

nearly  the  same  everywhere ;  it  would  easily  found ;  for  the  intervals  of  the 

ba  arerywhere  exactly  twelve  hours,  if  mean  time,  and  the  rate  of  the  mean 

the  sun  alw^s  moved  at  the  same  rate,  motion  being  always  the  same,  we  only 

and  there  were  no  parallax  or  refiraction.  want  to  know  how  often  the  event  has 

An  average,  however,  might  be  taken  occurred,  or  how  long  the  motion  has 

of  the  lei^^  of  this  day  for  a  portion  been  continued.    If,  from  consideration 

only  of  this  interval,  for  instance,  from  of  the  manner  in  which  the  difference 

tba  vernal  equinox  to  the  summer  sol-  between   the   true    and   mean  values 

■tiee ;  in  this  case,  the  shortest  length  arises,  we  can  ascertain  the  amount  of 

of  the  day  would  be  a  Uttle  more  than  that  difference  in  each  particular  in- 

twdve  hours,  and  the  average  length  at  stance,*  we  can  find  what  is  to  be  added 

London  about  fourteen  hours  and  three  to  or  subtracted  from  the  mean  value  to 

qoartersL    This   would   be   a  correct  arrive  at  the  true ;  and  the  quantity  so 

average  of  the  lengths  observed ;  but  as  added  or  subtracted  is  called  an  equa^ 

the  time  of  observation  would  not  com-  Uon,  The  mean  value  thus  leads  to  the 

nrehend  all  the  variations  of  the  element  true  value,  and  of  course  it  furnishes  an 

m  question,  it  would  not  be  the  mean  approximation  to  it ;  and  as  the  subjects 

length  of  the  day  absolutely,  though  it  of  astronomical  inquiry  generally  have 

nu^t  be  called  the  mean  length  for  the  their  variations  confined  within  narrow 

period  o(  observatkn.  limits,  so  that  the  difference  between  the 

In  the  same   manner  as  we  have  true  and  mean  motion's  times  and  places 

taken  an  instance  of  mean  duration,  we  is  not  very  great,  the  approximation  is 

aij|^  have  an  instance  of  mean  motion ;  not  veiy  distant 

fliat  is  to  say,  if  a  body  moves  with  a  We  shall  find  several  instances  of  the 

faiUlemotioos  fait  if  the  whole  coarse  application  of  the  terms  above  ey\»\amM> 
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and  of  the  use  made  of  these  mean  his  whole  real  angular  motion  for  that  pe- 

values  and  results  in  treating  of  the  nod  is  equal  to  his  mean  angular  motion 

equation  of  time,  of  which  we  have  still  for  the  same  time,  the  real  motion  wiU  at 

to  speak,  and  then  the  more  obvious  first  be  less,  and  afterwards  greater  than 

appearances  of  the  sun,  and  their  prin-  the  mean  motion.   His  real  place  there- 

cipal  effects,  will  l)e  for  the  present  fore  will  at  first  fall  behind  his  mean 

sufficiently  explained.  place,  and  the  distance  between  them 

The  solar  day  is  longer  than  the  will  increase  day  by  day  until  his  real 
sidereal  day  in  consequence  of  the  mo-  motion  becomes  equal  to  his  mean 
tion  of  the  sun  Eastward  in  his  orbit,  motion ;  the  distance  will  then  diminish 
It  is  evident  that  the  degree  of  its  ex-  as  the  real  motion  becomes  greater  than 
cess  above  the  sidereal  day  must  be  the  mean  motion,  and  this  excess  will 
affected  by  the  quantity  of  that  mo-  finally  bring  them  together  agmn.  It 
tion,  and  must,  when  other  circum-  will  not  however  do  this  until  they 
stances  are  the  same,  be  greatest  when  reach  the  perigee,  for  we  have  already 
that  motion  is  greatest,  or  when  the  seen  that  they  are  then  toother,  and 
sun  is  in  his  perigee,  and  least  when  this  could  not  be  the  case  if  they  had 
that  motion  is  least,  or  the  sun  is  in  his  been  so  before ;  for  as  they  are  only 
apogee.  The  motion  of  the  sun  goes  brought  together  by  the  real  motion  ex- 
through  all  its  variations  in  the  course  of  ceeding  the  mean  motion,  and  as  the 
one  revolution  of  the  sun  in  his  orbit ;  real  motion  continually  increases  from 
it  admits,  therefore,  on  the  principles  apogee  to  perigee,  if  at  any  period 
already  explained,  of  a  mean  value.  Let  before  the  perigee  S  had  come  up  with 
us  call  the  sun  S,  and  let  us  suppose  a  81,  at  the  following  instant  S  would  have 
fictitiousbody,wlnch  wecallSi,  to  move  passed  Si  by  the  excess  of  its  motion, 
uniformly  in  the  ecliptic,  and  to  perform  and  would  have  continued  from  day  to 
a  complete  revolution  in  the  same  time  day  to  increase  the  distance  between 
as  S :  the  motion  of  Si,  therefore,  will  them  by  the  continuing  and  growing 
be  the  mean  motion,  and  its  place,  the  excess  of  the  real  above  the  mean 
mean  place,  of  S.  The  difference  be-  motion ;  and  the  consequence  would  be, 
tween  the  places  of  S  and  Si  will  be  an  contrary  to  the  fact,  that  S  would  arrive 
equation ;  li  is  cahed  the  equation  0/ the  at  the  perigee  before  Si.  We  arrhre 
centre.  Let  us  suppose  the  two  bodies,  S,  therefore  at  this  conclusion,  that  the 
and  Si,  to  be  together  when  the  sun  is  in  real  place  of  the  sun  is  behind  his  mean 
apogee.  As  the  revolution  of  the  supposed  place,  as  he  passes  from  apogee  to  peri- 
body  Si,  is  completed  at  the  same  time  gee,  the  distance  between  them  continu- 
as  that  of  S,  they  will  be  again  together  ally  increasing  for  a  certain  time,  then 
at  the  end  of  the  year,  or  when  the  sun  continually  diminishing  till  the  two 
returns  to  his  apogee.  Besides  this,  the  places  again  coincide  at  the  perigee, 
times  of  the  sun's  motion  from  apogee  to  Exactly  in  the  same  manner  we  find  that 
perigee,  and  from  perigee  back  to  apo-  the  real  and  mean  place  never  coincide 
gee,  are  equal ;  they  are  therefore  each  from  perigee  to  apogee,  only  with  this 
equal  to  half  the  lime  of  his  whole  revo-  difference,  that  as  in  this  half  of  the 
luiion,  or  to  half  the  time  of  the  revolu-  orbit  the  real  motion  is  at  first  greater, 
tion  of  S,  or  to  the  time  taken  by  Si,  and  afterwards  less,  than  the  mean 
which  moves  uniformly,  to  pass  through  motion,  the  real  place  is  always  be/are 
half  the  ecliptic.  But  the  sun*s  apogee  the  mean  place,  until,  on  the  return  to 
and  perigee  are  at  the  distance  of  half  the  apogee,  they  both  again  correspond, 
the  ecliptic  from  each  other;  conse-  The  greatest  difference  in  the  time  of 
quently,  as  S  and  Si,  were  together  at  the  approach  of  S  and  Si  to  the  meridian 
the  apogee,  they  are  so  also  at  the  peri-  cannot  exceed  8"»  24». 
gee,  each  taking  the  same  time  (half  of  It  is  not  however  only  by  the  varia- 
the  year)  to  pass  through  half  of  their  tion  in  the  sun's  rate  of  motion,  that  tlie 
orbits.  We  find  therefore  that  the  real  length  of  the  solar  day,  or  the  inter>'al 
and  mean  places  of  the  sun  coincide  at  between  his  successive  appearances  on 
the  apogee  and  perigee.  the  meridian,  is  affected  ;  it  is  also  in- 

It  IS  also  plain  that  they  correspond  fluenced  by  the  inclination  of  the  ecliptic 

nowhere  else.    The  suns  distance  from  to  the  equator.    The  motion  of  rotation 

the  earth  continually    decreases   from  of  the  heavens  is  uniform ;  and  conse- 

apogee  to  perigee,  and  his  angular  velo-  quently,  if  we  suppose  another  fictitious 

city  continually  increases    during    the  body,  S»,  to  be  at  the  point  cya  at  the 

3ame  period.    It  is  evident  then  that  as  same  time  with  the  supposed  body  S,  to 
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move  uniformly  Eastward  in  the  equa- 
tor»  and  to  pass  completely  round  the 
heavens  in  that  circle  in  the  course  of 
a  solar  year,  as  this  body  will  every 
day  have  moved  Eastward  by  an  equal 
portion,  it  will  always  come  to  the  meri- 
dian later  bjr  an  equal  period  than  the 
point  which  it  occupied  on  the  preceding 
day;  and  as  this  point  returns  to  the 
meridian  in  a  sidereal  day,  which  we 
have  seen  to  be  always  of  the  same 
length,  and  the  excess  of  time  above 
this  sidereal  day  before  S^  ret  urns  to  the 
meridian  is  also  equal,  the  intervals  be- 
tween the  successive  arrivals  of  Sa  on 
the  meridian  are  themselves  equal ;  and 
each  of  them,  as  Sg  performs  its  whole 
revolution  in  a  solar  year,  mui^t  be  equal 
to  a  mean  solar  day.  We  now  then 
have  two  fictitious  bodies.  Si  and  Ss, 
each  moving  uniformly,  the  first  in  the 
ecliptic,  the  second  in  the  equator ;  and, 
as  these  circles  are  equal,  the  actual 
motions  of  each  arc  equal.  Still  we 
have  to  inquire  whether  their  periods  of 
arriving  at  the  meridian  arc  the  same. 
For  this  purpose  let  us  suppose  (in 
fg,  6)  that  P  represents  the  pole  of  the 
lieavens,  oo  Y:£^  half  the  equator,  cp  Z  =G: 
half  the  ecliptic,  (for  these  circles  bisect 
each  other  in  the  points  pp  and  =£b,)  and 
let  Y  and  Z  be  the  points  of  bisection  of 
the  arcsqpY^,  o^ZzCl,  respectively. 
Each  of  the  arcs,  cya  Y,  <y>  Z,  therefore 
is  90°,  or  they  are  equal ;  and,  conse- 
quently, the  fictitious  bodies.  Si  and  Sc, 
which  were  together  at  cys,  and  whose 
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rates  of  motion  are  equal,  would  arrive 
at  the  same  time  at  Z  and  Y.  Besides 
this,  each  of  the  arcs,  cya  Y,  cyD  Z,  being 
9(P.  the  angles  cyaZY.cyaYZ  (byawell- 
kncrfrn  property  of  the  sphere)  are  each 


90°  also*,  or  Z  Y,  the  arc  of  a  great  cir- 
cle which  joins  the  points  Z  Y,  is  per- 
pendicular to  the  equator  cyD  Y  at  Y,  and 
therefore  is  part  of  a  meridian,  P  Z  Y, 
passing  through  those  points.  Z  there- 
fore, being  a  point  upon  the  same  meri- 
dian as  Y,  comes  upon  the  meridian  of 
the  place  at  the  same  time  with  Y,  and, 
as  the  bodies  Si  and  Ss  are  at  Z  and  Y 
at  the  same  time,  they  will  there  come 
on  the. meridian  of  the  place  together. 
But  Z,  being  the  middle  point  of  the  arc 
cy3  Z  :^,  is  the  sun's  place  when  in  the 
tropic. 

From  the  time  when  the  body  Si  leaves 
the  point  cys,   until  its    arrival  at    Z, 
we  shall  find  that  it  will  always  come 
upon  the  meridian  of  the  place  before 
Sa.    To  show  this,  let  Si  represent  any 
intermediate  position  of  that  body,  and 
let  P  Si «  be  a  meridian  drawn  through 
it ;  of  course  therefore  the  points  Si,«, 
come  upon  the  meridian  or  the  place 
together.    If  therefore  s  be  the  place  of 
the  supposed  body  Ss  at  that  time,  the 
bodies  S  i,S  a,  will  then  come  on  the  meri- 
dian of  the  place  together;  but  if  the 
body  Sfl  have  advanced  beyond  the  point 
^,  then  Sa  will  come  on  the  meridian  of 
the  place  later  than  s^  and  consequently 
than  Si,  for  ^  and  Si  arrive  there  toge- 
ther.   But  the  actual  motion  of  Sa  is 
equal  to  that  of  Si,  or  to  cyD  Si.    When- 
ever therefore  cyD  Si  is  greater  than  cyo  *, 
the  body  Sa  is  more  advanced  than  the 
point  St  or  comes  on  the  meridian  later 
than  Si.    Now  it  is  a  general  property 
of  all  spherical  triangles,  as  well  as  plane 
ones,  that  the  greater  side  is  opposite  to 
the  greater  angle ;  and  in  the  spherical 
triangle  Si  cya  «,   as  long  as  tne  side 
cyD  «  IS  less  than  90°  or  than  cyD  Y,  the 
right  angle  Si  «  cyD  is  mater  than  the 
angle  cyp  Si  t.t    Until  S,  and  Sa  there- 
fore arrive  at  the  points  Z,Y,  cyD  S»,  which 
is  opposite  to  the  right  angle  cyD  #  Si,  is 
always  greater  than  cyD«,  and  conse- 


•  [The  arcs  CyD  Z,  CyD  T,  being  each  00^  the  point 
cyD  is  the  pole  of  the  circie  Z  Y,  and  consequently 
the  arcs  op  Z,  cyD  Y,  are  secondaries  to  Z  Y,  or  per- 
pendicular to  it.] 

t  [Cos.cyD  s,  «=8iu.S|  cyD  #,  cot.cyD  #,  by  Napier's 
rules.  Whenever,  therefore,  CyD  «  is  less  than  90^, 
or  at  all  poinU  between  cyD  and  Z  or  Y,  cot.'  CyD  «  U 
positive,and  consequently  cos. cyD  S^ sis  so  likewise, 
orCyDSi*  ii  less  than  90^;  for  the  other  factor, 
sin.  S.CVD  «.  is  positire,  since  S»  CyD  «  |s  23°  28*. 
When  CyD  « is  90°,  or  =  cyD  Y,  cos.  cyD  «  =  0,  conse- 

Suently  cos.  cyD  S|ff=0,orCyD8t«  (in  this  case  cyD 
,  Y)  =  90°,  as  we  hare  already  seen.  When  cyD  « 
in  greater  than  00°,  cos.  Qp  «  is  negaUre;  therefore 
COS.  cyD  S|  «  Is  so,  or  cyD  8| «  is  greater  than  90°  or 
than(^  «  S„  and  consequently  CyD  9,  Is  less  than 
CyDf,  or  the  body  S,  comes  later  on  the  meridian 
than  8, .as  Is  afterwards  independeoUi^agMwuVa 
the  text]  ^ 


94 


ASTRONOMY. 


[I.  i  7. 


quently  8s  always  comes  fo  the  meridian 
after  »i  in  the  course  of  their  passage 
from  op  to  the  points  Y  and  Z,  or  during 
the  sun*8  passage  from  the  equinox  to 
the  tropic. 

In  passing  trom  Z  and  Y  to  the  other 
equinox  ^  the  result  will  be  exactly 
contrary :  for  in  this  case,  exactly  in  the 
same  manner  as  in  the  other,  if  a  me- 
ridian be  drawn  through  the  sun's  place 
on  any  day,  the  arc  of  the  equator  in- 
tercepted between  it  and  the  equinox 
will  be  less  than  that  of  the  ecliptic  so 
intercepted ;  and  consequently,  the  point 
of  theeauator  which  comes  on  the  meri- 
dian of  tne  place  at  the  same  time  with  Si 
will  be  nearer  than  Si ,  and  consequently 
than  S  t,  to  the  equinox,  towards  whicn 
the  bodies  are  moving.  The  interval 
of  time  therefore  between  the  arrival 
of  Sfl  and  the  point  ^^  on  the  meridian 
of  the  place,  will  be  greater  than  that 
between  the  arrival  of  Si  and  the  point 
lAs  there ;  and  as  ^  comes  on  the  me- 
ridian of  the  place  after  them,  of  course 
8t  which  precedes  it  by  the  longer  in- 
terval, will  arrive  there  l)efore  S  i.  We 
•ee  then  that  in  proceeding  from  the 
tropic  to  the  e€[uinox,  St  always  comes 
on  the  meridian  of  the  place  before 
S  1.  The  same  conclusions  may  be 
deduced  in  exactly  the  same  way  for 
the  remaining  two  quadrants  of  the 
ecliptic  and  equator :  and  we  draw 
the  general  conclusion,  that  when  the 
sun  is  either  at  an  equinox  or  a  tropic, 
8i  and  Si  come  on  the  meridian  of  the 
place  tofl^ether:  but  that  while  he  is 
moving  n*om  equinox  to  tropic.  Si  is 
always  earlier  on  the  meridian  of  the 
place  than  St ,  and  always  later  while 
ne  is  moving  from  tropic  to  equinox. 

It  is  further  found,  by  a  process  of 
computation  sufficiently  easy,  and  the 
details  of  which  will  l)e  found  in  the 
note*,  that  the  difference  between  the 
times  of  the  appearance  of  Si  and  Sa  on 

*  [It  it  of  tome  importance  to  investigate  the 
ratio  which  the  motion  in  right  aacension  bears 
to  the  motion  in  longitude  at  dlflferent  periods. 

For  this  purpose,  let  S^  T^  represent  the  motion 
in  longitude  fur  a  very  short  period,  and  let  P  T^V  t 
be  a  meridian  passing  through  T.  and  S^  V,  an 
lu-c  of  a  small  circle  parallel  to  tne  equator.  Of 
course  «  Ms  the  difference  of  right  ascension  cor- 
responding to  the  difference  of  longitude  S|  T|. 
Now  the  motion  of  8  a  is  entirely  in  right  ascen- 
sion and  uniform  ;  and  whenever  the  effect  of  the 
notion  8,  Ti  on  the  right  ascension  is  equal  to  the 
uniform  motion  in  right  ascension  of  S3,  then,  at 
whatever  distance  the  point  «  was  from  the  cor. 
responding  situation  of  8  3,  the  point  t  will  beat 
the  same  aistance  from  the  situation  of  82  cor. 
responding  to  it }  and  they  will  gain  or  lose  on  S, 
BB  the  effect  of  the  motion  S,  T|  estimated  In  right 
MBcemloa,  h  grtmter  or  Jetf  tbsji  Ihe  ual/orm  mo- 


the  meridian  of  the  place  continually 
increases  from  the  equinox  or  tropic  till 


Taking  then  8|Ti  to  rtprefcnt  this  aniform 
moUon—  ^  ^ 

«f  (the  effectm  right Mctnalon)  =--L^^^(Jtor^ 

similar  area  of  parimel  circlet,  of 
which  the  radii  are  to  each  other 
as  1 :  COS.  S^s.) 

__  8,T..sin.»tTtV  ^^^^  ^^  ^^  ^^^  ^,^ 

COS.  8i« 
angle  S|  T|  V,  may  be  contldered 
a*  a  plane  triangle,  and  tlie  angle 
8,VTi  Is  a  right  angle.) 

=  8rT>.in.PP8>t  ^^^^  ^^  ^^^  ^  g  ,^ 

COS.  8|« 
cyo  Tt  V  as  the  meridians,  P  f ,  P I 
are  very  dote  to  each  other,  may 
be  considered  at  equal.) 
Bat  COS.  Siqp«=tln.qp8jf  cot.  8,f,  or  iln.qpS^  »= 

continually  increaaet,  as  the  declination  does  so. 

At  the  equinox,  cos.  declination  s  1,  and  f  Is 
8.  T.  cos.  obliquity  of  the  ecliptic. 

At  the  solstice,  the  declination  =  the  obliquity 
of  the  ecliptic  :  and  then,  therefore, 

cos,  obliquity  of  the  ecliptic   _^ 
>  /  =  S I  Tj    ^^^j  obliquity  of  the  ecliptic  "" 

a^Tj 

COS.  obliquity  of  the  ecliptic 
To  find  the  point  where  the  effect  of  the  motlea 
of  Si  in  right  ascension  is  equal  to  the  motion  of  S^ 
luelf.  Oft  =  81  Ti  we  have  this  equation— 

_  COS.  obliquity  of  ecliptic 

S.  Ti  -  S»T,  .      ^o.tf.  decUnation 

or  cos<  declinaUon  •>  cot.  oUiquity  of  ecUpUc  •« 
cpi.  73,"  28'. 

Hence  log.cot.declination«i  ^  (IO-t-log.coa.SaP280 


19.8625076 
'2 


«S.98I2&S8 


tan.  S,f 
tan.S^qp* 


or  declination  -  16''  42^49^. 

Again,  sin.qp  »^  cot.S^  CyOttan.  S^t^ 

tan.  declination 
""    tan.  obliquity 

.'.log.  sin Cy3  ff =IO-f-log.  tan.  decl.-  log.  tan.  obi. 
10  +  log.  tan.  16"^  42' 4!^  -  log.  tan. 
2;s°  28*. 
-  19.4;;6108- 9.6376106-  9.8399092 
and  Cp  f  -  43^^  45'  A^". 
Again.  COS.  QpS,  «.  cos.Cps  cos.  S,f 
orlog.ros.cy^Si*^  log.cos.CyOt  +  log.  coa.  declina- 
tion-10 

^  log.  cos.  43°  45' 49^"+  log.  cos.  16° 42" 49  - 10 
^  9.858656:i  +  9.9812538  -  10»  9.8899101 
or  CyO  S,  -  46''  14'  10". 

The  difference,   therefore,  between  Cp  8^  and 
Cf> «,  at  this  time  =  46^  14'  lU"  -43°  45' 49*" 
—  2^  28'  20i"  in  space, 
or  9m.  53is.  in  time. 
This  is  evidently  the  greatest  difference  which 
can   be  thus  occasioned;  for  from  the  equinox 
until  this  point,  the  effect  of  the  motion  in  right 
ascension  is  always  less  than  the  actual  motion, 
and  the  difference  is  therefore  continually  accu- 
mulating up  to  this  period :  from  this  period  on- 
wards to  the  solstice,  the  effect  of  the  motion  la 
right  ascension   is  continually  greater  than  tlM 
actual  motion,  and  the  difference  therefore  coD- 
tinoaUy  4iinlin\i^nt.'\ 
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Si  has  moved  through  about  half  the  apparent,  or  the  clock  before  the  sun : 

quadrant(more  correctly  till  81  is  46^  14'  and  as  a  few  days  before  it  was  later, 

1 0"  from  the  equinox),  and  then  dimi-  and  all  the  changes  are  gradual  and 

nishes  till  Si  arrives  at  the  tropic  or  eontinuous,  there  must  have  been  some 

equinox  towards  which  it  is  moving,  intermediateinstant  when  Sand  St  were 

and  that  tlie  greatest  difference  in  time  on  the  meridian  together,  or  the  mean 

thu«  occasioned  is  about  9"^  53^* .  and  apparent  time   coincided,   or   the 

We  have  thus  two  sources  of  in-  equation  of  time  was  nothing.  I^s 
equality ;  one  arising  from  the  unequal  would  be  on  December  24th,  1829 ;  and 
motion  of  the  sun  in  his  orbit,  the  other  from  that  time  till  the  perigee,  the  mean 
from  the  inclination  of  that  orbit  to  the  would  be  earlier  than  the  apparent  time, 
equator.  To  ascertain  how  the  time  or  the  clock  before  the  sun.  From  the 
at  which  S  comes  to  the  meridian  of  the  perigee  onwards,  Si  is  continually  less 
place,  or  the  true  solar  time,  differs  from  advanced  than  S ;  and  from  the  solstice 
that  at  which  Sa  comes  to  the  same  me-  to  the  equinox  S^  is  continually  less 
ridian,  or  the  mean  solar  time,  we  must  advanced  than  Si.  On  both  accounts 
combine  the  two.  To  see  how  this  com-  therefore,  during  the  whole  period  from 
bination  is  to  be  efi^ted,  let  us  be^n  the  perigee  to  the  vernal  equinox  Sa  is 
from  the  winter  solstice,  and  examme  less  advanced  than  S,  or  the  mean  solar 
what  will  be  the  relative  positions  of  S  time  is  earher  than  the  apparent,  or  the 
and  St  for  the  year:  the  difference  in  dock  is  before  the  sun.  After  the  vernal 
time  l)etween  the  instants  of  their  being  equinox  until  the  apogee,  S  continues 
on  the  meridian  is  called  the  equation  of  more  advanced  than  Si ;  but  from  the 
iime^t  being  the  difference  between  the  equinox  to  the  solstice  St  is  more  ad- 
actual  time  of  the  sun's  being  on  the  meri-  vanced  also  than  Si :  when  therefore 
dian  and  the  beginning  of  the  mean  these  difierences  are  equal,  the  eqiuition 
solar  day  t.  The  sun  is  m  perigee  about  of  time  becomes  nothing.  Now,  the 
the  30th  of  December.  We  have  already  greatest  difference  in  time  between  the 
seen,  that  in  passing  frx)m  apogee  to  approach  of  S  and  Si  to  the  meridian 
perigee,  Si  is  always  more  advanced,  or  never  amounts  to  more  than  8°*  24. ;  the 
comes  later  on  the  meridian,  than  8 :  greatest  difference  between  the  approach 
and  consequently,  at  the  winter  solstice,  of  Si  and  St  to  the  meridian  is  of  about 
which  is  a  little  before  the  sun  comes  to  9°"  53* ,  and  takes  place  a  little  more 
perigee,  81  is  more  advanced  than  S.  than  halfway  between  the  equinox  and 
but  at  the  solstices  81  and  St  come  on  the  solstice,  or  about  May  8th.  By  May 
the  meridian  together,  and  consequently,  8th  therefore,  the  difference  between 
St  is  then  also  more  advanced  than  S,  Si  and  St  has  become  gj^ater  than  that 
or  the  mean  solar  time  is  later  than  between  S  and  Si ,  havmg  been  less  at 
the  apparent,  or  the  sun  is  on  the  the  equinox,  and  between  these  times 
meridian  before  noon  by  the  clock,  the  diffierences  must  have  been  equal. 
or  the  clock  is  after  the  sun.  From  or  S  and  St  must  have  been  on  the  me- 
the  solstice  to  the  equinox  St  conti-  ridian  together,  or  the  equation  of  time 
Dually  is  less  advanced  than  Si ,  but  must  have  been  nothing.  In  point  of 
at  perigee.  Si  and  8  coincide,  therefore  fact,  it  is  so  on  April  ]5tn,  1830.  After 
at  perigee  St  is  less  advanced  than  S,  or  this  time,  St  and  S  are  both  more  ad- 
the  mean  solar  time  is  earlier  than  the  vanced  than  Si ,  but  St  more  so  than  8 ; 
: or  St  is  more  advanced  than  8,  or  the 

«  The  equaUon  of  time  is  only  registered  from  mean  time  later  than  the  apparent,  or 

noon  to  Boou,  when  8  and  S  ,  are  on  the  meridian  j  vu^  clock  Rfter  the  sun      At  the  summer 

but  the  term  applies  with  equal  correctness  to  the  ^"f  ClOCK  aiier  me  SUn.     Al  me  summer 

differtnce  of  time  between  the  instanU  of  their  SOlstlCC    hOWevCr,   b    and   ISi  are   again 

arrlral  at  ajiy  giren  distance  from  the  meridian,  together  :  but  the  apOgCC  does  not  take 

It  is  plain  that  this  is  correcUy  an  e^ua/ion,  being  ^1°^^    ^;n     .A^..     »kL     .i«»«».^m.    c.^1.4;^^ 

Uie  difference  ofthei«al  and  mean  times  of  Uieo<s  place    till     after     the     summer    SOlstlCC 

carrence  of  a  parUcuiar  event.  (on  Juuc  30th),  therefore  8  Continues 

t  The  mean  solar  day  is  considered,  for  astro-  m^rP  Advanced  than  S.      or   at  the  sum- 

nomicai  purposes,  to  begin  when  8a  is  on  the  me-  ™"'®  aavanceainan  Oi ,  or,  ax  ine  sum- 

ridiao,  or  at  noon.    The  period  of  iu  commence-  mer    SOlstlce,  o,  wmcll  OU    April   J6tn 

ment  may  of  course  be  arbitrarily  fixed,  and  for  ^gg  less  advanced  than  St ,  has  becOme 

•atroDomical  purposes  this  IS  the  most  convenient}  ^ 1  au^-^  ~.;ii  *u-  ^t ^  u 

for  civil  purpose  that  is  the  most  convenient  morc  SO,  and  there  Will  therefore  have 

which  ladudea  all  the  active  period  of  day.iight  been  an  instant  when  they  came  on  the 

within  one  day,  and  the  civil  day,  therefore,  begina  maridian  too-ether    and  the  eauatinn  nf 

At  midnight,  when  Uie  sun  is  ou  Uie  meridian  be-  menaian  logeiner,  ana  mo  equaiion  oi 

low  the  horlson,  or  midway  between  his  seUing  time    was    nothing.       This  IS  On  Ju.lV« 

and  rialag.     Each  astronomical  day.  iherefore,  15th,     1830.      FrOtU  \V\;i\.  VSm^  Vci  Vw^ 

contalttt  the  last  twelve  hours  of  one,  and  tb^finl  „^i^?        u  •     «i^.,«  cu-.^  a  v«  ««^«v^mk  .^A- 
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vanced  than  St ,  or  the  apparent  later  and  whether  the  apogee  and  perif[;ee  be 
than  the  mean  time,  or  the  dock  before  or  be  not  fixed  points.    As  far  also  as 
the  sun.    From  the  solstice  to  the  au-  the  magnitude  of  the  equation  is  con- 
tumnal  equinox.  Si  is  continually  more  cemed,  it  is  evident  that  any  variation 
advanced  than  St ,  but  until  the  apogee  in  the  inclination  of  the  ecliptic  to  the 
S  is  more  advanced  than  Si ,  and  of  equator  would  affect  it ;  for  the  angle 
course,  than  St :  for  tlus  period  there-  PP  Si  «  (iny^.  6),  and  the  declination  of 
fore,  the  apparent  time  is  later  than  the  the  sun  at  any  point  of  the  ecliptic, 
mean  time,  or  the  clock  before  the  sun.  would  both  be  affected  by  this  change ; 
After  the  apogee  however,  S  is  conti-  and  both  these  quantities  are  involved  in 
nually  less  advanced  than  Si ,  and  as  at  the  sohition  of  ttiat  part  of  the  question 
the  autumnal  equinox  Si  and  St  are  to-  which  arises  from  the  motion  of  the  sun 
gether,  S,  which  at  the  apogee  was  more  in  a  plane  inclined  to  the  equator, 
advanced  than  St ,  has  then  l)ecome  less  In  point  of  fact,  it  is  found  that  the 
80,  and  there  has  been  some  intervening  inclination  of  the  ecliptic  and  equator 
instant  at  which  S  and  St  have  come  on  does  undergo    some    slight  variation, 
the  meridian  together,  or  the  equation  This  is  not  sufficient  to  produce  any 
of  time  has  been  nothing.    This  is  on  material  alteration  in  the  results,  or  to 
September  1st,  1830;  and  from  that  call  for  more  extended  notice  here ;  but 
time  to  the  equinox  S  b  less  advanced  it  furnishes  one  reason  why  the  results 
than  St ,  and  tne  apparent  is  earlier  than  obtained  for  the  equation  of  time  cannot, 
the  mean  time,  or  tne  clock  is  after  the  as  far  as  their  numerical  values  are  con- 
sun.      After   the    equinox,   until   the  cemed,  apply  accurately,  except  to  the 
winter  solstice,  the  sun  is  still  moving  particular  periods  for  which  they  are 
from  apogee  towards  perigee,  and  S  is  computed.     The   other  considerations 
consequently  less  advanced  than  Si ,  and  are  more  important  in  themselves,  and 
in  the  interval  between    equinox   and  will    deserve    separate    consideration, 
solstice.  Si  is  also  less  advanced  than  St :  They  are  also  of  practical  importance, 
on  both  accounts  therefore  S  is  less  ad^  as  connected  with  the  division  of  time 
vanced,  during  this  whole  period,  than  St,  into  longer  periods  than  we  have  yet 
or  the  apparent  time  is  earlier  than  the  used,  except  m  a  loose  and  popular  way 
mean  time,  or  the  clock  after  the  sun.  of  speaking.     Our  next  section  there- 
We  have  now  gone  through  the  year,  fore  will  treat  of  tfie  precession  of  the 
ftnd  we  may  collect  our  results  tnus :  equinoxes,  and  the  progression  of  the 
that  in  the  course  of  the  year  there  are  apogee  ;  the  following  one  of  the  length 
four  days,  and  onlv  four,  namely,  De-  of  the  year,  and  the  consequent  cor- 
cember  24th,  April  15th,  June  1 5th,  and  rections  and  adjustment  of  the  calendar. 
Sept.    1st,    when    the   .apparent    and 

mean  time  are  the  same,  or  the  equation  Section  S,— -Precession  of  the  Equi- 

of  time  is  nothmg :  and  that  in  the  in-  noxes  produced   by  the   retrograde 

terval  between  the  first  and  second  of  motion  o/"  the  Equator  on  the  Edip-- 

these,  and  again   in  that  between  the  tic— Effects  on  the  longitude,  taH- 

third  and  fourth,  the  apparent  is  always  tude,  declination,  and  right  ascen- 

later  than  the  mean  time,  or  the  clock  «o»  of  the  Heavenly  Bodies—Pro- 

before  the  sun :  and  that  between  the  gressive  motion  of  the  Suns  apogee 

second  and  third,  and  again  between  the  of^  perigee. 

fourth  and  first,  the  apparent  is  always  jjf  speaking  of  the  mode  of  ascertain- 
earlier  than  the  mean  time,  or  the  ing  the  decBnation  of  a  heavenly  body, 
clock  after  the  sun.  These  results  cor-  we  have  only  referred  to  observations 
respond  with  those  in  the  common  tables  made  on  the  meridian.  And  they  are 
of  the  equation  of  time.  the  best  adapted  to  that  purpose  ge- 
lt IS  also  evident,  from  the  manner  in  nerally  ;  it  may,  however,  also  be  com- 
which  these  results  have  been  deduced,  puted  from  the  altitude  and  azimuth* 
that  they  depend  entirely  on  the  relaUve  of  the  object  when  observed  out  of 
positions  of  the  apogee,  and  of  the  equi-  the  meridian.  But  when  we  take  the  case 
noxes.    If  these  are  fixed  points,  or  hold    — 

always   the  same  relative  position,   the  •  The  aximuth  of  a  body  is  the  arc  of  the  ho- 

results  we  have  obtained  will  serve  alike  T^ton  intercepted  between  the  meridian  and  a  rer- 

for  everv  vear  •  if  thev  vrtv  the  eniiatinn  t*cal  circle  passing  through  thel»ody.  The  sitaaUon 

lor  every  year .  ii  iney  vaiy,  ine  equaiion  ^f  ^  ^ody  with  respect  to  a  particular  place  on  the 

of  time  will    vary  also  ;    and  this   con-  earth,  is  determined  by  iU  altitude  and  asimath, 

sideration  leads  us  to  inquire  whether  J^t  as  lu  situation,  with  respect  to  the  heavens  in 

*k<v»M    1^   o»«  «»^f;^«.   ^f  «ikA  ^^..:«^ general,  la  deUrw  in d  by  iU  declination  and  right 

there  be  any  motion  of  theequmoxes,  McentUn  or  by  lu  lautude  and  longitude. 
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of  a  body  whose  declination,  like  that  of   mistered,  or  obtained  by  computation 
the  sun,  continually  varies,  it  is  clear  that  from  the    corresponding   right  ascen- 
we  cannot  be  sure  of  ascertaining  the  sions    and    declinations,     jme    same 
time  at  which  his  declination  is  of  any  process  may  be  gone  through  at  a  sub- 
given    value  bv  observations    on  the  sequent  time.     If    this  be  done,  we 
meridian ;  for  he  is  upon  the  meridian  shall    find   the  right   ascensions  and 
and  above  the  horizon,  only  for  one  in-  declinations  of  all  stars  altered,  but  in 
stant  (or  in  some  cases  two),  in  twenty-  various  manners  and  degrees,  the  lati- 
four  hours ;    and  there  is  no  greater  tude  of  all  remaining  very  nearly  the 
hkeUhood  that  his  declination  will  then  same,  and  the  longitude  of  all  increased 
be  that  concerning  which  we  inquire,  by  very  nearly  the  same  quantity.    We 
than  at  any  other  mstant  in  that  time,  shall  also  find  thatthe  different  stars  keep 
Nor  can  we  even  be  sure  of  ascertain-  the  same  position  with  respect  to  each 
ing  the  required  time   by  the   means  other ;  they  continue  at  the  same  dis- 
mentioned  at  thebeginning  of  this  section,  tance  from,  and  make  the  same  angles 
for  he  may  attain  the  required  declina-  with,  each  other.    The  alteration  there- 
tion  while  he  is  below  the  horizon,  and  fore  in  their  right  ascensions,  &c.  of 
then  no  direct  observation  can  be  made,  which  we  have  spoken,  does  not  proceed 
We  are  not  however  without  the  means  from  any  motion  among  themselves ;  it 
of  ascertaining  the  reauired  period.  The  must  proceed  from  some  alteration  in 
8un*s  change  of  declination,  although  some  of  the  arbitrarily  assumed  points 
very  different  in  amount  at  different  or  lines  from  which  these  elements  are 
periods  of  his  course,  may  with  little  error  measured,  and  by  which  they  are  esti- 
be  considered  as  uniform  during  the  small  mated.    And  these  are  the  equinoxes, 
space  of  twenty-four  hours ;   and  we  and  the  equator  and  ecliptic, 
consequently  have  the  means,  by  obser-  Let  us  first  take  the  simpler  class  of 
vations  made  on  the  meridian  on  two  phenomena.    We  have  already  stat^ 
successive  days,  of  computing  his  de-  that  the  longitude  of  every  heavenly 
clination  at  particular  times  in  the  in-  body  is  incret^ed  by  the  same  quantity, 
terval  between  them.    Thus,  if  at  noon  and  that  their  latitude  is  not  affected. 
on  September  20th  the  sun's  declination  This  would  evidently  be  the  case  if  the 
were  11'  North,  and  at  noon  on  the  position  of  the  ediptic  itself  continued 
ibllowingday  13' South,  we  mig^t  safely  unaltered,  but  the   point  from  which 
estimate  his  change  of  declination  at  1^  arcs  are  measured  alons^  it  were  re- 
hourly  (the  whole  difference  in  the  twenty-  moved  backward ;  for  the  latitude,  being 
four  hours  l)eing  of  24') ;  and  we  should  the  perpendicular  distance  between  the 
therefore  say,  that  at  six  o'clock  in  the  star  ana  the  fixed  circle,  remains  the  very 
evening  of  September  20th,  his  decli-  same  arc,  the  longitude,  being  the  dis- 
nation  was  5'  North ;  and  that  it  was  tance  from  the  same  point  (the  inter- 
nothing,  or  that  the  equinox  took  place,  section  of  the  secondary  passing  through 
at  eleven  o'clock  on  tne  same  evening,  the  star  with  the  ecliptic)  to  the  arbitrary 
For  purposes  of  greater  accuracy,  there  standard  whence  the  measurement  is 
are  easy  means  of  making  the  same  com-  taken,  is  increased  exactlyas  much  as 
putations,  allowing  for  the  variation  of  that  standard  is  removed.  The  longitude 
the  rate  of  the  sun's  change  of  decli-  and  latitude  therefore  are  affected  as 
nation.  they  would  be  if  the  ecliptic  remained 
Having  thus  the  means  of  ascertain-  unmoved  itself,  but  the  first  point  of 
ing  the  time  at  whk^h  the  sun  is  at  any  Aries  receded  upon  it. 
pulicular  declination,  and  consequently.  The  first  point  of  Aries  however  is 
among  others,  the  time  of  the  equinox,  the  intersection  of  the  ecliptic  with  the 
we  find,  especisdly  by  comparing  to-  equator:  and  if  this  is  moved,  while  the 
gether  the  observations  made  at  distant  ecliptic  remains  stationary,  it  can  only 
times,  tiiat  when  the  sun  now  comes  to  be  so  by  moving  the  whole  circle  of  the 
the  meridian  at  the  equinoxes,  the  same  equator.  The  inclination  of  one  of  these 
stars  are  not  on  the  meridian  which  for-  circles  to  the  other  is  always  found  to  be 
merly  were  so  when  he  came  thither  at  veiy  nearly  the  same :  the  distance  of 
that  part  of  his  annual  course.    The  their  poles  is  always  equal  to  the  indi- 
positionofthe  equinox  being  ascertained  nation,  and  it  therefore  is  always  the 
ata  particular  time,  a  catalogue  of  stars  same.      If  then    the   equinox    moves 
can  l^  formed,  and  their  right  ascensions  backwards  gradually,  the  equator  is  con- 
and  declinations  resistered.    Their  Ion-  tinually  changing  its  position ;  its  pole 
gitodes  and  latitudes  may  also  be  re-  herefore  is  continually  moNixuj^^X^MXvN^ 
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always  at  the  same  distance  from  that  of  simple  to  require  stich  illustration,  and 
the  ecliptic ;  and  consequently  the  pole  the  figure  would  he  inconveniently  com- 
of  the  equator  would  describe  a  circle  plicated  by  the  introduction  of  the  circles 
or  part  of  a  curcle  about  that  of  the  relating  to  them, 
ecliptic.  The  position  of  any  given  Let  cyo^T  (in /^.  7)  represent  one  po- 
star  continuing  fixed,  the  line  of  the  sition  of  the  equator,  cp'  V  V  another  at 
secondary  to  Uie  equator  which  passes  some  considerable  distance  of  time,  and 
through  it  would  vary,  for  it  passes  let  P  &  F  be  the  corresponding  positions 
through  Uie  star  and  the  pole  of  the  /^*d-.  7. 
equator,  and  this  latter  point  has  changed 
its  position ;  the  position  of  the  equator 
itself  would  vary  also,  and  so  also  would 
that  of  the  first  point  of  Aries.  The  de- 
dination  therefore  would  vary ;  (brjthe 
pole  of  the  equator^  moving  while  the 
star  continued  fixed,  would  generally 
approach  towards  or  recede  from  it ; 
and  the  North  polar  distance  being  thus 
altered,  and  the  North  polar  distance  ,  . 
and  the  declination  together  making  90°,  ^  xq^ 
the  declination  Would  vary  also.  This 
variation  also  would  be  different  fbr  dif- 
ferent stars ;  for  the  same  motion  which 
brings  the  pole  nearer  to  some  carries  it  of  the  pole.  Let  S  and  8  be  any  two 
further  from  others ;  and  this  at  a  dif-  stars,  and  through  S  draw  P  S  T,  P'  S  P 
ferettt  rate,  as  its  motion  is  directly  to^  secondaries  to  the  first  and  second  posi- 
wards  or  fh)m  the  star,  or  oblique  with  tions  of  the  equator  respectively ;  and  in 
respect  to  it  In  the  same  manner  the  like  manner  Pst,  Vst\  through  s.  It 
right  ascension  of  difPerent  stars  would  is  evident  that  ST,  cya  T,  represent  the 
be  differently  aff^ted.  All  would  have  declination  and  right  ascension  of  the 
a  certain  effect  produced  on  them  by  the  star  S,  when  the  equator  is  in  the  po- 
alteration  of  the  point  from  which  the  sition  cyDf  T,  and  that  SP,  qp' T',  repre- 
measurement  is  taken :  but  this  would  sent  them  when  the  equator  is  in  the 
not  be  the  only  cause  of  alteration.  The  position  pp'  f  T',  In  the  same  manner, 
right  ascension  is  the  distance  from  the  *  /,  cya  f,  are  the  declination  and  right  as- 
first  point  of  Aries  to  the  intersection  with  cension  of  the  star  *  in  the  first  position 
the  equator  of  a  secondary  to  thftt  circle  of  the  equator ;  8f,co'  f,  in  the  second, 
passing  through  the  star.  As  these  se-  If  S  V  be  taken  equal  to  S  P,  and  *  v 
condanes  all  pass  through  the  pole  of  equal  to  *  F,  it  is  evident  from  inspeo- 
the  equator,  the  old  and  new  secondaries  tion  of  the  figure  that  S  V  is  less  tnan 
would  intersect  each  other  at  the  star,  8P',  and  *v  than*  P.  In  the  former 
and  make  diflferent  aligles  with  each  case  therefore  the  new  North  polar  dis- 
other  in  the  case  of  different  stars,  as  tance  is  greater  than  the  old  one,  or  the  de- 
those  stars  are  situated  nearer  to  or  far-  clination  has  diminished :  in  the  latter  the 
ther  from  the  poles,  and  in  one  direction  new  North  polar  distance  is  less  than  the 
or  another  witn  respect  to  them.  Inter-  old  one.  or  tne  declination  has  increased, 
seeling  each  other  at  the  star,  they  We  next  proceed  to  examine  the  va- 
would  diverge  after  they  passed  it,  and,  nation  in  right  ascension.  For  this 
consequently,  even  if  the  angles  made  purpose  let  us  draw  through  cyD,  the 
were  the  same  in  two  different  instances,  former  position  of  the  equinox,  P'  cf> 
the  space  by  which  the  secondaries  would  X,  a  secondary  to  the  new  position  of 
have  separated  before  meeting  the  equa-  the  equator.  On  the  new  equator 
tor,  would  be  different  as  the  distance  of  therefore  the  right  ascension  of  cp  is 
the  stars  from  that  circle,  or  the  decli-  cyo'X,  and  the  right  ascensions  of  all  the 
nation,  differed.  The  variation  therefore  heavenly  bodies  are  increased  by  this 
of  right  ascension  would  be  different  on  quantity.  This  however  is  not  the  only 
all  these  accounts  in  different  stars.  These  variation.  The  remaining  portion  of  the 
different  results  and  variations  may  be  new  right  ascension,  XT',  orXt',  is  ob- 
with  advantage  illustrated  by  a  figure,  as  viously  not  necessarily  equal  to  cyD  T,  or 
farjas  relates  to  the  right  ascensions  and  cya  t.  In  the  figure  as  drawn  it  is  greater 
decimations.  The  positions  with  respect  in  each  case  ;  it  may  in  other  positions 
id  the  longitude  and  latitude  are  too  of  U\e  sVar  be  ktis,   ^>\\.  Vxv  ^n^t^  case  it 
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IB  evident  that  the  difference  between  vears ;  atld  the  firit  point  of  Aries  will 

them  will  depend  upon  the  magriitude  of  have  receded  throu|j;h  the  whole  circle, 

the  ancle TbT'  or  i$f,  or,  which  is  the  and  conisecjuentljr  will  return  to  its  pre- 

same  thin^,  on  that  of  the  angles  P  S  P'»  sent   position  in  about   25868  years. 

FsP*,  and  also  on  the  distance  of  S  and  This   retro^ade  motion  is  oalled>  on 

#  from  the  circles  cfitT,cp'f  V,    It  will  account  of  its  effects  on  the  time  of  the 

therefore  vary  for  every  star :  and  this  occurrence  of  the  equinoxi  which  it  ac- 

is  all  which  we  are  here  desirous  of  oelerates,  the  precemon  qf  the  equi^ 

illustrating.  noxest  i*  c.,  their  going  forward. 

We  have  thus  seen  generally  what       So  slow  an  alteration  may  seem  of 

would  be  the  nature  of  the  effect  pro-  little  importance,  except  in  a  very  long 

duced  bv  the  retrocession  of  the  e<)uator  series  of  years.     In  a  science  however, 

upon   the  ecliptic:  that  the  latitudes  where  none  except  the  most  accurate 

of  stars  would  remain  the  same ;  that  results  are  of  practical  value  and  im- 

their  longitudes  would  be  increased  uni-  portance,  no  cause  of  error  is  to  be 

formly ;  that  their  declinations  would  be  neglected ;  and  especially  where>  as  in 

differently  affected, some  bein^  increased,  the  present  case,  the  error  is  of  a  nature 

others  diminished,  and  this  in  unequal  continually  accumulating.  Thus  the  dif- 

amounts  and  proportions ;  and  that  the  ference  occasioned  in  the  equation  of 

right   ascensions  also,    although    with  time  by  this  alteration  of  the  position  of 

many  exceptions  (in  cases  where  the  the  equinox,  would  at  present  be  but 

quantity  XT' is  less  than  cydT,  and  their  slight,  and   ^nerally  only  affect   the 

difference  exceeds  cy^'X)  would  generally  actual  numerical  value  of  that  correction 

increase,  but  at  different  rates  in  dif-  for  a  considerable  period ;  but  we  have 

ferent  cases*.    We  have  seen  also  that  already  seen  that  the  nature  of  the  cor- 

these  phenomena  are  actually  observed  rection  is  mainly  dependent  oil  the  rela* 

to  take  place;  and  we  therefore  lay  it  tive  positions  ofthe  equinoxes  or  solstices 

down  as  an  established  fact,  that  while  and  the  sun's  apogee  or  perigee*    The 

the  ecliptic  continues  immoveable,  the  perigee  is  now  nearly  10^  more  advanced^ 

equator  has  a  retrograde  motion  upon  or  has  10^  greater  longitude,  than  the 

it,  or  a  motion  from  left  to  right  in  winter  solstice:  intheyear  t850»  it  coin- 

those  already  referred  to.    The  amount  cided  with  the  winter  solstice,  and  be> 

of  this,   subject   to  some    small  ine*  fore  that  time  it  preceded  it ;  the  com- 

qualities,  is  50".l  in  a  year;  that  is  bined operation  of  the  retrocession  of 

to  say,  the  first  point  of  Aries  recedes  the  equinox  on  the  ecliptic,  and  a  pro* 

annually  50".  1   upon  the  ecliptic:  the  gressive  motion  of  the  perigee  itsel( 

retrocession,  therefore,  is  i°  23'  30"  having  since  then  brought  them  into 

in  a  century,  or  a  degree  in  about  71^  their    present    relative  positions.     At 

those  times  therefore  the  equation  of 

*  It  Is  not  devinbie  here  to  Introduce  the  caicu-  time  would  not  only  differ  in  amount 

uuoM  on  which  iheresuits  depend}  but  therctuiu  from  its  present  valUcs,  but  the  considcr- 

tbemtelTetmey  be  given  with  adrantage.  The  pre-        y"*  ""*"*.'*,'   ,      .»      ., .^.^  ^. 

ccMionindeciinationitfoandtobepoiiitiTe^thatia  at  ion  s  Used  m  deducing  the  penods  at 

to  aay,  the  dccUnation  ii  increased  by  the  effect  of  vrhicli  the  apparent  is  before  or  after  the 

Iirecesalon,  wherever  the  right  ascention  of  the  star  _-««_  4;— ,»  ,Jr-»,,iJ  «UA«M.Ai«>Aa  *!;«*<»<■• 

•  lessthaiiV.ortrealertfian270^,  theprecesslon  mean  timC,  WOUld  themselves  differ. 

ia  necatWe.  or  the  declination  is  diminished  when  The  motion  Whlch  we  have  JUSt  men* 

the  right  ascension  is  between  jo^  «nd2;o" :  it  is  tioned  to  cxist  in  the  perigee,  or  apogee, 

taothlogfOr  the  declination  Is  not  affected  when  the  ,,  *i-     *. K lono  J:  ? I 

right  ascension  is  90<'  or  270°.    The  angle  formed  (lOr  as  the  tWO  are  filways   180     distant 

by  a  aecondarf  to  the  equator  and  a  secondary  to  from   Cach  other,  they  must  mOVC  alike) 

)^nATfnf^%&SofZ'Xi''rS'i^  is  also  deduced  from  observation.     If 

cesalooinrlghtasctnslonispositlTe.ortlierightas-  the  Very  instaut  Of  the    SUn*S   being  in 

censlon  is  increased  wherever  the  angle  of  position  nprie^e   or  aiXMree  OOtild    be  readilv  de* 

la  leas  than  JK)« ;  It  Is  noUilng.  when  that  angle  is  P"^  or  apggeo  uouta    ue  rewiiiy  uc 

90")  it  ia  nefative,  or  the  right  ascension  is  dlmi*  termined,  thlS    motlOn  WOUiQ  easily  DC 

oiahed,  when  that  angle  is  greater  than  M''.  ascertained;  for  his  place  at  the  time 

v^^Z  oTtht^SntttLji-SSi;  .7X''."'p';iJS:  ^ouia  be  detennined.jind  the  (alteration 

■Ion  for  a  short  period*    The  effects  of  precession  of  that  plaCC,  when  he  WaS  next  in  the 

««i?l2?1.!l?rt'rt''f?„«'p!Lj'^^^^^^  like  situation,  would  be  the  motion  re- 

mutt  Oe  dedoced  from  computation  of  toe  accn*  ,        rm.  'a-  u  ew 

malated  effects  of  these  minute  variations »  for  ttife  qUUreO.       The  VanatlOnS  nOweVCr  01  niS 

rightascensions  being  conUuuaiiy  changed  by  the  apparent  diameter,  or  of  his  angular 

enectof  precession, its  effect  on  declination,  which  ^A*   ^     u„    .„u;«u     «1/>ma    •»«    «»••«   ;««i 

depends  on  them,  will  continually  chaogi  alao ,  motlOn,    by    whlch    alOUe    WC   Can  im- 

andthapoleoftheequator  changing  its  place,  the  mediately    estimate    thoSe    Of     hlS    dlS- 

sruifltooiiwifbAcbajvrabiff.  Very  BCcurale  eaUmauoTV  Q\  1^  %mvx 


40                                            ASTRONOMY.  [I.  $  8. 

differences.      The  time  required  may  estimate  of  the  precession  of  the  equinox 
however  he  ascertained  within  certain  or  the  progression  of  the  apogee  on 
hmWs ;  and  if  such  observations  be  taken  which  we  can  at  all  rely ;  for  the  motion 
at  great  intervals  of  time,  any  inac-  of  the  point  in  the  interval  between  the 
curacy  in  the  estimate  will  be  of  less  two  observations  will  be  less  than  the 
importance.     There  are  however  belter  probable  error  of  the  observations  them- 
methods  of  making  the   computation,  selves,  and  we  shall  be  unable  to  tell 
The  principle  on  which  they  depend  is  whether  the  ditFerence  l)etween  the  ob- 
very  simple.    We  have  seen  that  the  ra-  served  positions  is  the  effect  of  a  motion 
dius  vector  of  the  sun  describes  equal  in  the  object  observed,  or  merely  the 
areas  in  equal  times.    Now  the  onlv  result  of  the  inaccuracy  of  observation, 
straight  line  which  can  be  drawn  through  If  however  there   be  any  continuing 
the  focus  of  an  ellipse,  so  as  to  divide  the  motion,  the  distance  between  the  places 
ellipse  into  two  equal  parts,  is  the  trans-  of  the  point  observed  will  be  increased 
verse  axis.    The  sun's  position  at  one  if  the  distance  between  the  times  of  ob- 
extremity  of  any  line  passing  through  serving  be  so ;  and  it  may  therefore 
the  earth  is  distant  by  18U°  from  its  po-  become  greater  than  the  amount  of  any 
sition  at  the  other  extremity  *,  if,  there-  probable    inaccuracy    of    observation, 
fore,  he  be  observed  at  any  two  points  For  instance,  taking  the  case  of  preces- 
180°  distant  from  each  other,  he  is  then  sion,  in  twelve  years  the  equinox  would 
at  the  two  extremities  of  a  line  passing  have  receded  about  10',  a  quantity  much 
through  the  focus  of  the  ellipse,  and  the  greater  than  that  which  we  have  sup- 
portions  of  the  ellipse  on  each  side  of  posed  to  be  the  limit  of  the  errors  of 
that  line  must  be  unequal,  unless  the  observation;   and  therefore,  from  ob- 
line  be  the  transverse  axis  which  passes  servations  made  at  this  interval  of  tinae, 
through  the  apogee  and  perigee.    If  the  we  should  be  able  to  pronounce  with 
portionsareunequal,  his  time  of  passing  certainty    that    a    retrograde    motion 
through  them  is  unequal  also :  if  the  exbted.    Still  we  should  be  unable  to 
times,  therefore,  are  found  to  be  equal,  determine  its  amount  with  any  great 
the  instant  of  observation  is  the  instant  accuracy.    Having  supposed  the  pro- 
of his  being  in  perigee  or  apogee :  if  un-  bable  error  of  observation  to  be  l*,  we 
equal,  it  is  not  so,  but  the  instant  of  his  could  not  say  whether  the  real  retro- 
being  in  pei'igee  or  apogee  may  be  ascer-  gression   might  not    be    either  9'  or 
tain^  from  the  observations  made,  by  ll',  quantities  respectively  1' less,  and 
calculations  of  which  it  is  not  necessary  greater  than  the  observed  retrogression 
here  to  enter  into  any  detail.  The  general  of  10';   and  as  this  would  be  the  retro- 
result  is  that  the  perigee  or  apogee  (or  gression  of  twelve  years,  the  annual  re- 
\he  apsides  of  the  sun*s  orbit,  as  they  trogression  might  be  as  little  as  45'',  or 
are  also  termed)  have  a  progressive  mo-  as  great  as  55  .    This  would  be  a  great 
tion  on  the  ecliptic  of  about  11".  8  an-  and  important  uncertainty;  but  it  may 
nually.  The  longitude  of  the  perigee  and  be  very  greatly  diminished  by  a  further 
apogee  therefore  increases  at  the  rate  extension  of  the  same  principle,  that  is 
-of  about  62"  annually,  for  it  increases  to  say,  by  taking  still  longer  intervals  of 
by  the  actual  motion  forwards  of  those  observation.    For  instance,  let  us  sup- 
points  themselves,  and  also  by  the  whole  pose  the  interval  400  years,  and  the  ob- 
amount  of  the  retrocession  of  the  equi-  served  precession  5°  34',  or  20,040".   If 
nox,  from  which  it  is  measured ;  or  by  we  suppose,  as  before,  that  the  amount 
the  sum  of  the  two  quantities  11".  8  and  of  probable  error  is  1',  the  least  possible 
50".  1.  amount  of  precession  will  be  5°  33',  or 
The  principle  above  referred  to,  that  19,980"  ;  and  the  greatest  6°  35',  or 
any  inaccuracy  of  observation  may  be  20,100";  and  the  least  possible  annual 
rendered  less  material  by  comparing  ob-  amount  49".  95,  and  the  greatest  50". 
•ervations  made  at  distant  periods,  is  25 ;  two  quantities  approaching  very 
one  of  very  great  and  general  import-  near  to  eacn  other,  and  the  mean  be- 
ance.    If  we  suppose  ourselves  unable  tween  them,  or  50"  1,  would  probably 
to  discover  the  exact  situation  of  the  differ  very  little  indeed  from  the  ti*ue 
equinox  or  the  perigee  within  a  minute,  value. 

it  is  plain,  assuming  the  amount  we  Tlie  principle  on  which  this  power  of 

have  already  assigned  to  their  motions  approximating  to  a  correct  value  de- 

to  be  correct,  that  we  cannot,  by  ob-  pends  is  obvious.    The  error  of  obser- 

serving  two  successive  positions  of  the  vation,  whatever  its  amount  may  be, 

sua  in  either  of  these  |X)ints,  form  any  occurs  only  at  the  times  of  observation. 
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If  the  element  whose  value  is  souefat  of  these  years.    When  the  sun  starts 

occurs  only  once  during  the  interval,  it  from  the  equinox,  it  is  a  given   point 

is  affected  hy  the  whole  error;  if  it  oc-  of  his  orbit ;  before  he  returns  to  it,  the 

curs  oftener,  the  whole  result  is  affected  equinox  has  receded  on  the  ecliptic,  and 

by  the  whole  error,  but  the  whole  result  he  therefore  meets  it  again  sooner  than 

being  the  sum  of  so  many  repetitions  of  he  returns  to  the  same  spot  in  his  orbit. 

the  element,  the  value  of  tne  element  The  effect  therefore  of  the  retrograde 

itself  is  only  affected  by  a  proportional  motion  of  the  ec[uinoctial  point  on  the 

part  of  the  error,  the  whole  error  being  ecliptic  is  to  bring  forward  the  time  of 

divided  among  all  the  repetitions.    If  the  equinox  (or  the  instant  at  which  the 

therefore   the  element    be   sufficiently  sun  is  upon  the  equator) ;  and  hence,  as 

often  repeated,  the  proportion  of  the  we  have  already  mentioned,  the  pheno- 

error  involved  in  its  value  will  become  menon  is  known  by  the  name  of  Oiepre- 

exceedingly  small ;  and  this  may  be  the  cession  of  the  equinoxes.    In  the  mean 

case,  even  when  the  actual  amount  of  time  however,  the  apogee  has  moved 

the  probable  error  of  observation  is  in-  forward  on  the  ecliptic  ;  and  the  sun 

creauKd,  if  the  number  of  repetitions  therefore,  after  returning  to  the  same 

among  which  the  error  is  to  be  dis-  spot  in  his  orbit  where  he  was  at  the 

tributed  is  increased  in  a  greater  pro-  former  equinox,  has  still  a  further  arc  to 

portion.  describe  before  lie  arrives  at  his  original 

«  ^      ^^  ^.     ,.-.       .  position  with  respect  to  the  apogee,  and 

Section  9.-0/  the  different  yeare-^  ^^  time  of  his  dSing  so  is  of  cSuree  later. 
Equinoctial  (or  tropical)  year^Stde^  rj.^^  ^^^^  ^^  .^  ^j  ^^  equinoctial 
real  year---Anomaltstic   year--'Con^  -^  gg^a  ghf  gm  51'.6,  (or,  express- 

strucUonofthecalendar-^Miancor^  f     -^  decimally,  365«».242264)  of  mean 

recUon  -  Julian  year^-Leap  year^  ^^^  tj^^     ^f^^^   this,    the    sun  has 

S^  corr«:/t(m-P^«a»  cor^  ^o    describe  50'M   to   return    to    the 
rectum,                                               .  g^me  point  of  his  orbit  at  which  he  was 

Wb  now  see  that  there  are  three  dif-  at  the  commencement  of  the  year,  or  to 

ferent  periods  at  which  the  sun  may,  complete    the  sidereal  year;    and  the 

in  different  senses,  be  said  to  return  to  mean  length  of  the  sidereal  year  is  thus 

the  same  position:  when  he  returns  to  made  365"^  6*"  9*°  11*.5,  or  365(1256383. 

the  same  equinox  at  which  he  was  be-  He  then  has  to  describe  a  further  arc  of 

fore;  when  he  returns  to  the  same  spot  11 ''.8  to  arrive  at  his  original  position 

in  his  orbit ;  and  when,  having  been  in  with  respect    to  the  apogee,  and  the 

perigee  or  apogee,  he  returns  to  it  again ;  length  of  the  anomalistic  year  is  thus 

or,  which  is  the  same  thing,  when  having  made  365*^  6^  13*°  58*.8,  or  365(1  259708. 

been  at  a  given  distance  from  any  of  In  ascertaining  all  these  lengths,  it  is 

these  points,  he  returns  to  the  same  of  course  important  to  resort  to  the 

point  with  respect  to  them.    Each  of  principle  explained  at  the  end  of  the  last 

these  mav  be  said  to  be  the  completion  section,  and  to  deduce  their  value  from 

of  a  revolution  of  the  sun  ;  and  a  revo-  observations  made  at  long  intervals,  so 

lution  of  the  sun  is  called  a  year.    The  that  any  error  of  observation  may  be 

year  from  ec|uinox  to  equinox  is  called  distributed  among  many  periods  of  the 

the  e^'noctial  year,  or  sometimes  the  length  required. 
tropical  year ;  for  his  time  of  returning        The  lengths    assigned  to  the  equi- 

from  tropic  to  tropic,  they  being  situations  noctial  and  sidereal  years  are  only  mean 

always  nolding  the  same  relation  to  the  lengths ;  that  given  to  the  anomalistic 

eijuinox  for  the   time   being,    is    ob-  year  is  a  true  one.    We  shall  hereafter 

viously  the  same  as  that  from  equinox  shew,  from  other  considerations,  that  the 

to  equinox.    The  year  from  any  point  in  length  of  the  anomalistic  year  does  not 

the  ecliptic  to  the  same  point  again  is  vary.    For  the  present,  we  will  assume 

the  sidereal  year,  for  the  sun  is  then  in  that  fact,  and  then  it  is  obvious  that  the 
the  same  position  as  before,  with  rela-  length  of  the  equinoctial  and  sidereal 
tion  to  the  stars.  The  sun's  angular  years  must  contmually  vary ;  for  each 
distance  from  the  apogee  is  called  the  of  these  years  is  shorter  than  the  anoma- 
true  anomaly,  and  the  period  between  listic  year  by  the  time  which  the  sun 
his  leaving  and  returning  to  a  given  takes  to  describe  a  given  angle  of  his 
situation  with  respect  to  the  apogee  is  orbit ;  in  one  case  62'^  in  the  other 
therefore  called  the  onoma/tt^'c  y^or.  11 ''.8.  Now  the  rate  ol  >\v&  «wiC% 
It  is  evident  that  the  equinoctial  is    motion  is  different  m  diSerenV  ^«x\.<&  oil 

the  shortett,  the  anonviJislic  the  longest  his  orbit,  faster  as  \\e  is  lutN}i\«x  ttom. 
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the  apo^e,  slower  as  he  approaches  it ;  our  chronology  would  become  confused 

and,  consequently,  his  times  of  describ-  and  inaccurate.   It  is  obriously  better  to 

ing    these   spaces  of  62''    and  11".8  fix  some  length  for  the  civil  year  which 

continually  vary,  as  they  are  differently  shall  be  free  from  these  inconveniences, 

situated  with  respect  to  the  apogee.  The  On  the  other  handf  it  is  evident  that 

times  therefore  which  are  to  be  sub-  if  the  len^h  assigned  to  the  civil  year 

tracted  from  the  uniform  length  of  the  were  to  differ  materially  from  the  true 

anomtdistic  year,  to  ascertain  those  of  length  of  the  astronomioaJ  year,  great 

tiic  equinoctial  and  sidereal  years  respeo*  confusion  would  before  long  be  pro* 

tively,  are  themselves  of  variable  dura-  duced.     Thus  if  it  were  shorter  by  a 

tion ;  and  the  lengths  of  the  equinoctial  whole  day,  in  100  years  its  commence- 

and  sidereal  year  are  necessarily  so  too.  ment  would  precede  that  of  the  astro- 

The  variation  however  is  very  small,  nomical  year  by  100  days,  more  than  a 

and  the  mean    differs  from  the  true  quarter  of  the  whole  year :  or  if  it  were 

length  at  any  period  by  a  very  incon-  shorter  by  a  quarter  of  a  day,  the  same 

siderable  quantity.  error  would  be  produced  in  400  yean. 

It  is  obviously  necessary,  for  many  Thus  the  commencement  of  the  civil 

Eurposes,  not  only  of  chronolosy  and  year  would,  at  these  intervals  of  time, 

istory,    but    even  of  personal    and  correspond  to  completely  different  stages 

domestic  convenience,  that  we  should  of  the  seasons ;  if,  at  the  one  period,  it 

have  the  means  of  dividing  time  into  were  at  mid-winter,  at  the  other  it  would 

definite  periods  of  considerable  length ;  be  early  in  the  autumn ;  if  at  one  it  were 

and  the  most  obvious  and  natural  period  seed-time,  at  the  other  it  would  be  the 

to  adopt,  is  ^that  which  includes  all  the  depth  of  winter.  This  would  obviously  be 

various   operations    and    appearances  inconvenient.    We  want  to  know,  when 

which  succeed    each  other  in  regular  we  hear  that  an  event  took  place  at  a 

order,  which  comprehends  seed-time  and  particular  period  of  the  year,  whether  it 

harvest,  summer  and  winter.    All  these  took  place  in  spring,  summer,  autumn, 

are  included  in  the  space  of  an  equi-  or  winter ;  if  a  baHle,  whether  at  the 

noctial  year.  The  position  of  the  apogee,  opening  or  the  dose  of  a  campaign ;  if 

as  we  have  already  seen,  has  some  e&ct  the  discovery  of  a  country,  whether  du^ 

on  the  length  of  the  seasons ;  but  it  is  ing  the  season  of  abundance  or  scaf- 

the  position  of  the  sun  with  respect  to  city. 

the  equinox,  which  determines  wnat  the  it  is  therefore  desirable  so  to  fix  the 
season  is,  and  in  his  passage  through  his  length  of  the  civil  year,  that  its  corn- 
whole  round  from  one  equinox  till  he  mencement  shall  always  be  at  the  be- 
retums  to  the  same  again,  he  occasions  ginning  of  a  day ;  and  at  the  same  time 
the  whole  variety  and  succession  of  to  adopt  some  mode  which  shall  prevent 
spring,  summer,  autumn,  and  winten  it  from  ever  being  far  distant  from  the 
The  length  of  this  revolution  therefore  commencement  of  the  astronomical 
has  been  adopted  as  the  unit  of  long  year.  In  this  consists  the  adjustment  of 
duration ;  and  a  period,  assigned  with  the  calendar ;  and  many  attempts  have 
more  or  less  accuracy,  but  intended  to  re-  been  made,  at  different  times,  and  in 
present  this  duration,  has  been  uniformly  different  places,  to  establish  an  accurate 
adopted  by  all  civilised  nations,  and  called  and  complete  one.  We  need  not  here 
by  the  name  of  year,  or  the  civil  year,  enter  into  the  history  of  all  these  at* 
It  would  be  productive  of  great  in-  tempts ;  but  there  is  one  so  famonSf 
convenience,  if  the  beginning  of  the  both  from  the  celebrity  of  the  mail 
year  did  not  correspond  with  the  begin-  under  whose  auspices  it  was  made,  and 
ning  of  a  day ;  and  this  would  be  the  as  the  ground-work  of  the  acquitment 
case,  if  we  took  the  exact  period  of  now  used,  that  it  may  be  well  to  mentiod 
d65<*  5^48"*  or.G  for  the  length  of  the  it,  especially  as  the  simplicity  of  thi 
dvil  year.  If,  for  instance,  at  any  numbers  involved  in  it  makes  It  the 
given  time,  the  beginning  of  the  year  easiest  example  which  can  be  given  of 
exactly  corresponded  with  the  beginning  the  principle  of  such  a  correction, 
of  a  day,  the  following  year  would  begin  Tne  Roman  Calendar  had  fallen  into 
5^  48"*  51\6  after  the  beginning  of  the  great  confusion  from  the  causes  alrMdy 
366th day;  the  year  after  that  would  explained,  when  it  was  determined  to 
begin  1 P  37"™  43'  2.  after  the  beginning  remedy  the  inconvenience  which  resulted 
of  the  731.st  day, and  soon.  We  should  from  its  condition,  and  to  rectify  it  for 
therefore  continually  have  days  belong-  the  future.  This  was  done  un 
ing  in  part  to  two  different  years ;  and  auspioef  of  Julius  Coesart  and 
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consequence  called  the  Julian  correc-^        If  the  length  of  the  astronomical  year 

tion ;  Sosigenes  of  Alexandria  was  the  had  been  accurately  365^  6,  this  adjust- 

astronomer  who  made  the  calculations,  ment  of  the  calendar  would  have  been 

The  length  oftheequinoctial  year  was  not  sufficient.    But  the  true  length  of  the 

then  accurately  known ;  it  was  however  equinoctial  year  is  only  365**  5*^  46"*  5 1".6 ; 

Bupposedto consist of365''G% (an amount,  or  it  falls  short  of  365*^  6^  by  11™  8.'4. 

as  we  have  seen,  not  very  far  from  the  Four  equinoctial  years  therewre  would 

lnith)»  and  that  time  was  assumed  as  its  fall  short  of  four  years  of  365*^  6^  each» 

accurate  length.    Now  four  years,  each  or  of  four  Julian  years,  three  of  365  and 

of  365**  6^  together  make  up  a  period  oneof366days,bythespaceof44"33'.6; 

of  1461  days;  and  these  1461  days  may  and  100  equinoctial  years  would  fall 

be  divided  into  three  periods  of  365  days,  short  of  100  Julian  years  by  25  times 

and  one  of  366.     If  therefore  these  that  space  of  time,  or  by  18^34"*;  and 

•uccessive   civil  years    were  made  to  400  equinoctial  years  would  fall  short  of 

consisteachof  365  days,and  thenafourth  400  Julian  years  by  74^  16™,or  by  alittle 

were  made  to  consist  of  366,  the  length  of  more  than  three  days.    In  consequence 

the  four  would  be  equal  to  that  of  four  as-  of  this  inaccuracy  a  further  correction 

tronomical  years ;  and  if  at  the  l>eginning  was  required ;  and  this  was  carried  into 

of  the  Arst  year  the  commencement  of  effect  by  Pope  Gregory  XI 11.  in  the  year 

the  civil  and  astronomical  years  coincided,  1582,  at  which  time  the  vernal  equmox 

at  the  end  of  the  fourth  they  would  do  fell  ten  days  earlier  in  the  civil  year  than 

so  afl;ain.    It  is  true  that  the  civil  years  it  had  done  in  the  year  325,  at  the  Coun- 

wouid  be  of  unequal  length,  and  that  cil  of  Nice,  the  period  which  he  chose 

none  of  them  would  accurately  corre-  for  the  correct  standard  of  the  com- 

apond  in  duration  with  the  astronomical  mencement  of  the  civil  year.    At  the 

year,  three  of  them  being  each  six  hours  Council  of  Nice,  the  vernal  equinox  had 

shorter^  the  fourth  eighteen  hours  longer  been  on  the  21st  March ;  at  the  time  of 

tlian  it;  and  it  is  true  also  that  the  Pope  Gregory, it  was  on  the  11th;  but 

commencement  of  each,  except  the  first  he  omitted  ten  days  in  the  current  year, 

of  the  four  years,  would  not  coincide  andmade  the  1 5th  of  October  in  that  year 

with  that  of  the  astronomical  year,  that  of  immediately  succeed  the  4th,  so  that  in 

the  second  being  six,  of  the  third  twelve,  the  next  year  the  vernal  equinox  again 

atid  of  the  foiirui  eighteen  hours  before  took  place,  as  it  had  done  in  325,  on  the 

it.    None  of  these  mconveniences  how-  2 1st  of  March.  In  this  manner  the  error 

ever  were  material ;  the  first  would  not  which  had  already  taken  place  was  rec- 

be  felt,  ar  soon  as  the  people  became  tified.    To  prevent  it  from  again  occur- 

familiar  with  the  order  in  which  the  ing,  the  following  additional  adjustment 

longer  and  shorter  years  succeeded  each  was  devised. 

other;  the  second  would  only  be  felt  by  We  have  seen  that  the  Julian  correc- 
astronomers,  and  they  would  have  abun-  tion  made. the  length  of  400  years  too 
dant  means  of  removing  any  difficulty  great  by  a  little  more  than  three  days. 
which  it  occasioned ;  and  the  third.  This  inaccuracy  then  would  verv  nearly 
although  of  serious  importance  if  the  be  removed,  by  omitting  the  additional 
mnov  accumulated  so  as  to  produce  a  day  in  three  years,  taken  in  the  course  of 
great  interval  between  the  commence-  the  400.  It  is  of  great  practical  conve- 
nient of  the  different  years,  was  of  no  nience  to  have  these  corrections  easily 
moment,  when,  as  it  seemed,  the  error  remembered,  and  the  three  days  were  in 
would  never  exceed  eighteen  hours.  On  consequence  omitted  in  three  of  the  four 
these  grounds  the  ordinary  length  of  the  years  which  completed  centuries.  It  was 
civil  year  was  fixed  at  365  ikiys,  but  determined  that,  dividing  time  into  por- 
it  was  ordained  that  every  fourth  year  tionsof400  years  cach,every  fourth  year, 
should  consist  of  366.  The  fourth  year  except  those  which  terminated  the  first 
was  called  bissextile,  fVom  the  manner  three  centuries  of  such  a  period,  should 
in  which  the  additional,  or  intercafmy  he  of  366  days,  but  that  those  three, 
day  was  inserted*.  It  corresponds  to  li^^  ^he  common  years,  should  each  be 
our  le<g)  year.  of  365  days  only.    Thus  the  years  1600, 

-1.    ATfr'?Jl°?"J   .    *   ?"'*^y®''**^^"®"'*  ®'  March,  and  mo  on.     The  24lh  of  February* 

ULjTJf  .     i   ■'*I!li*^  °^u  ^^**  month.   Hence  the  therefore  waa  the  sixth  (af*tui\  tUv  ot  xYv^  \>\«w\% 

Tllr'S^r****''    ^A^*^  ****"  reckoned  the  latter  of  Alarch.    Thi-  fourth  vent  vta»  \«n?,V\v«wCi  \>^ 

SSSl  ^rSiJJfJrtJ^LTn^ii  ^^  "'*'*'  ^***"'!f  *  "^^'"S  »n  additional  du^  \  at  Ux\»  Um^"  vW«  xs«* 

28tb  of  Febnury  wmm  the  day  More  the  CMlend*  «•  having  a  double  tixtk  dhy  ol  X\xc*«  CaX^udm, 
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2000, 2400,  would  be  le(^  years,  or  have  four  years,  and  the  further  adjustmenit 
366  days;  the  years  1700,  1800,  1900,  all  happening  at  times  so  remukable  as 
2100,  2200,  2300,  would  be  common  the  years  which  complete  centuries,  ren- 
years  of  365  days  each.  '  der  it  the  most  eligible  that  has  been 
This  mode  of  correcting  the  calendar  devised.  There  is  one  however  which 
has  been  adopted  at  different  times  in  may  be  here  mentioned,  because  it  is 
almost  all  civilized  nations.  As  it  was  curious  for  its  ^reat  accuracy,  espedilly 
introduced  by  a  Pope,  for  the  express  when  we  consider  the  early  period  at 
purpose  of  regulating  the  ecclesiastical  which  it  was  discovered.  It  was  adopted 
year,  and  ascertaining  the  time  for  keep-  by  the  Persians  in  the  course  of  the 
ing  the  festivals  celebrated  in  the  Roman  eleventh  century,  and  consists  in  inter- 
Church,  it  was  immediately  adopted  by  calating  (or  adding  to  the  365  days  which 
all  states  professing  that  form  of  Chris-  constitute  the  ordinary  length  of  the 
tianity.  The  Russians,  who  are  mem-  year)  8  days  in  33  years,  insteiul  of  in 
bers  of  the  Greek  Church,  have  not  yet  32  as  according  to  the  Julian  acQust- 
adopted  it.  In  England  it  was  not  in-  ment.  On  this  system,  there  are  seven 
troduced  till  the  year  1752;  and  as  one  leap  years,  each  the  fourth  after  the 
of  the  years  concluding  a  century,  in  preceding  one,  and  then  one  which 
which  the  additional  or  intercalary  day  is  the  fifth ;  or,  if  this  period  be  sim- 
was  to  be  omitted  (the  year  1700)  had  posed  to  l>egin  at  the  year  1801,  the 
passed  since  the  correction  by  Pope  years  1804,  1808,  1812,  1816,  1820, 
Gregory,  it  was  necessary  to  omit  eleven  1824,  1828,1833,  1837,  &c.  would  be 
instead  of  ten  days  in  the  current  year,  leap  years.  It  is  evident  that  this,  how- 
The  alteration  was  proposed  in  Parlia-  ever  simple  in  theory,  is  less  easily  re- 
ment  by  the  Earl  of  Chesterfield,  and  he,  meml)ered  and  applied  to  practice  than 
at  that  time,  received  most  of  the  praise  the  Gregorian  adjustment.  It  is  how- 
due  to  so  important  a  reform ;  but  the  ever  remarkable,  considering  the  time 
Earl  of  Macclesfield,  then  president  of  when  it  was  made  and  the  people  who 
the  Royal  Society,  a  nobleman  of  much  discovered  it,  that  it  exceeds  the  Gie- 
talent  and  science,  was  the  real  author  j^orian  adjustment  in  accuracy;  and  if 
of  the  measure,  and  bore  a  great  part  it  be  further  corrected  by  the  omisuon  of 
in  the  details  of  its  execution.  the  intercalary  day  once  m  4000  years,the 
Even  this  correction  does  not  arrive  at  accuracy  of  the  approximation  oecomcs 
complete  accuracy.  The  excess  of  400  truly  remarkable,  being  within  ^sbs 
Julian  over  400  astronomical  years  is  part  of  a  day,  or  the  remaining  error 
more  than  three  days,  by  the  space  of  would  not  amount  to  a  day  in  70,000 
2*»  1 6™,  and  the  calendar  consequently,  years.* 

even   after  the  Gregorian  adjustment  The  length  of  the  year  being  deter* 

which  omits  the  three  days,  still  makes  mined,  the  exact  time  of  its  oommenoe- 

the  400  years  too  long  by  2^  16*".    In  ment,  and  its  division  into  minor  portions 

ten  times  400  years,  or  4000  years,  this  (which  we  call  months,  as  their  dursr 

error  would  be  increased  ten  fold,  or  tion  has  been  fixed  with  some  reference 

would  become  of  22^  40",  or  nearly  of  a  to  the  changes  of  the  moon)  may  be 

day.      It  would  therefore  be  a  further,  arbitrarily  assumed.      It   might   seem 

though  still  not  quite  an  accurate  cor-  natural  to  make  the  beginning  cone 

rection,  to  make  also  every  4000th  year  spond  with  some  remarluible  period  of 

(which  on  the   Gregorian   adjustment  the  astronomical  year,  as  a  solstice  or 

would  be  a  leap  year)  a  common  year,  an  equinox.    But  this  is  not  material : 

But  this  extreme  accuracy  is  hardly  ne-  the  length  being  accurately  fixed,  the 

cessary  in  a  matter  which,  after  all,  is  beginning  of  the  year  will  always  be  at 

more  of  popular  than  scientific  import-  very  nearly  the  same  distance  from  the 

ance.    An  error  of  less  than  a  day  in  solstices  and    equinoxes:   and   this  is 

4000  years  cannot  derange  the  ordinary  just  as    convenient   as    its   coinciding 

calculations  of  time ;  and  astronomers,  with  either  of  them.     It   takes  place 

in  their  computations,  refer  to  standards  about  eleven  days  after  the  winter  soU 

of  time  much  more   accurately  fixed  stice. 

than  the  civil  year. _ 

There   is  no  occasion  therefore   for  ^  *  in  t^*  Treatise  on  Algebra,  p.  in,  3«^ta 

seeking  for  any  more  accurate  adjust-  y^lrS^yrhrmifff  o?"r..J.«Tf^'Sj.L'1f 

ment  of  the  calendar,   and  the  COnveni-  *he  process  had  been  continued  one  step  furtber, 

enceofhavlntr  the  correction  OCCUrnnSBi  ****  rwult  would  have  been  365  A,  the  exact  ap- 

« period  50  610/7  remembered  as  tluU  of  Ki"""""  '^^'^  '°  *"  ^'"  •*"»• 
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Chaptxr  II.  stellations  which  gave  name  to  them, 

Q.^,A«  1  KT^^^^u,  ^f  r^^^*ii^»  ^^'^  c*^®*^  the  signs  of  the  zodiac,  and 
Section  ^^-^''^^^^  characters  were  invented  to  express 
^Enumerattono/them.  ^^^^  The  names  of  the  constellations. 
Wb  must  now  revert  to  the  considera-  or  signs,  and  the  characters  used  to  ex- 
tionof  the  fixed  stars.  We  have  hitherto  press  them,  are  as  follows: — Aries,  or 
considered  them  as  always  occupving  the  Ram,  cf> ;  Taurus,  or  the  Bull,  ^  ; 
the  same  place.  It  is  however  evident,  Gemini,  or  the  Twins,  n  ;  Cancer,  or 
from  what  we  have  already  said  con-  the  Crab,  05 ;  Leo,  or  the  Lion,  St; 
earning  precession,  that,  supposing  them  Virgo,  or  the  Virgin,  nji ;  Libra,  or  the 
really  to  do  so,  that  place  will  at  least  be  Balance,  ^ ;  Scorpio,  or  the  Scorpion, 
diffierentl]^  described  at  different  times,  rti ;  Sagittarius,  or  the  Archer,  /  ;  Ca- 
that  its  right  ascension,  longitude,  and  pricomus,  or  the  Wild  Goat,  y^  ;  Aqua- 
declination  will  all  vary.  We  must  rius,  or  the  Water-carrier,^;  and  Pisces, 
therefore,  in  comparing  the  observations  or  the  Fishes,  x* 
made  on  a  star  at  different  times,  make  At  the  time  that  these  constellations 
allowances  for  this  alteration ;  we  must  were  fixed  on  to  determine  the  names 
aa^rtain  what  the  right  ascension  and  of  the  subdivisions  of  the  ecliptic,  the 
declination,  or  else  what  the  longitude  vernal  equinox  was  a  point  very  near 
and  latitude  of  the  point  where  the  the  constellation  of  the  Ram,  the  sum- 
star  was  at  the  time  of  the  earlier,  mer  solstice  was  near  the  Crab,  the 
would  have  become,  in  consequence  of  autumnal  equinox  near  the  Balance, 
the  precession  of  the  equinoxes,  at  the  and  the  winter  solstice  near  the  Wild 
time  of  the  later  observation;  and  if  Goat.  The  vernal  equinox  therefore, 
these  computed  Quantities  correspond  or  the  point  from  which  right  ascension 
with  those  then  ODserved,  we  conclude  and  longitude  are  measured,  got  the 
that  the  star  occupies  really  the  same  name  of  the  first  point  of  Aries,  which 
place  in  the  heavens,  and  is  what  we  we  have  seen  to  be  still  used ;  the  au- 
call  a  fixed  star,  although  that  place  tumnal  equinox  was  the  first  point  of  Li- 
is  differently  described,  in  consequence  bra ;  and  the  tropics,  the  circles  parallel 
of  the  alteration  of  the  points  and  cir-  to  the  ecj^uinoctial  which  pass  through 
des  to  which  its  situation  is  referred,  the  solstices  (pp.  1 0,  23),  were  called 
By  making  these  observations  we  find,  the  tropics  of  Cancer  and  of  Capricorn. 
subiect  to  certain  apparent,  and  some  These  names  also  continue  in  use.  But 
real,  exceptions,  which  will  hereafter  be  though  the  names  continue,  the  circum- 
noticed,  that  the  places  of  the  stars  in  stances  from  which  they  took  their  ori- 
general  do  continue  the  same.  gin  have  ceased  to  exist.  The  precession 
The  importance  of  this  computation  of  the  equinoxes  has  carried  the  vernal 
will  appear  very  familiarly,  by  an  exam-  equinox  backwards,  away  from  the  con- 
pie  which  shews  the  great  amount  of  the  stellation  of  the  Ram ;  and  in  the  same 
maccuracy  produced  oy  neglecting  it.  A  manner  all  the  other  constellations  from 
space  of  dght  degrees  on  each  side  of  which  the  signs  are  named  have  changed 
toe  ecliptic  was  early  distinguished  from  their  situations  with  respect,  not  to  the 
the  rest  of  the  heavens,  because  the  circle  of  the  ecliptic,  but  to  the  point 

Elanets  (whose  nature  and  motions  will  with  reference  to  which  their  position  is 

e  the  subject  of  future  consideration)  stated.    Not  only  however  do  the  points 

were  never  found  out  of  its  limits.  This  of  the  equinoxes  and  solstices  retain 

qMoe  b  call^  the  zodiac.    There  were  their  name,  but  the  whole  ecliptic  is  still 

fowid  within,  or  principally  within  it,  divided  into  twelve  portions,  which  are 

twdve  constellations,  situated  not  accu-  called  signs,  and  retain  the  names  of  the 

ratdy  at   equal  distances   from   each  constellations  after  which  they  were  ori- 

olbar,  but  so  nearly  so,  that  when  it  ginally  called.    Thus  the  longitude  of 

was  thought  convenient  to  divide  the  45^  is  either  expressed  in  that  manner, 

cdiptic  into  twelve  equal  parts  of  30^  or  as  the  15th  degree  of  Taurus,  which 

9MXU  it  was  found  that  each  of  these  is  thus  written  8  15^  or  as  1*  15°,  the  1*, 

would  be  in  ^the  immediate  neighbour-  or  one  sign,  being  taken  merely  as  a  mode 
hood  of.  one  of  these  constellations,  of  expressing  the  quantity  of  longitude 
Tins  Vision  was  accordingly  adopted ;  30^.  So,  also,  the  longitude  of  1 18°  30'  is 
the  portions  into  which  the  ecliptic  was  equally  well  expressra  as  so  28°  30^  or 
divided  were  each  named  after  the  con-    as  3«  28°  30' :  and  217°  VH  \^**  oV  \otv- 

st^ation  which  was  near  it ;  and  the  gitude  is  wntten  either  TXV  l^  \^'  \^^* ,  ot 

divisions  themselves,  and  aho  the  con-  7*  7^  19^  10" ;  Ijie  chaxaxAer  ^Sa  qt  vc\. 
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expressinc:  the  sign,  in  which  the  re-  that  if,  as  we  have  supposed,  at  the  in- 
maining  degrees,  &c.  are  to  be  mea-  stant  when  the  star  is  on  the  meridian, 
sured ;  the  number  3'  or  7'  expressing  the  clock  marked  6^  of  sidereal  time,  it 
the  number  of  signs,  or  spaces  of  30*^,  would  be  too  slow  by  8  seconds,  and  all 
which  are  to  be  added  to  the  remaining  observations  made  by  it  woidd  require  to 
degrees,  &c.,  to  make  up  the  whole  Ion-  be  corrected  accordingly, 
gitude*.     These  signs,  or  portions  of       Again,  we  have  already  seen  (p.  17) 
the  ecliptic,  continue  to  be  measured,  at  that  the  North  polar  distance  of  any 
intervals  of  30*^  each,  from  the  actual  body  can  be  ascertained  by  observations 
position  of  the  vernal  equinox ;  and  the  of  its  altitude  when  upon  the  meridian,  if 
consequence  is,  that  the  equinox  being  the  elevation  of  the  pole,  or  its  distance 
removed  back  by  precession,  the  signs  from  the  zenith  be  known.    Conversely, 
or  constellations  of  the  zodiac  no  longer  if  the  declination,  or  North  polar  dis- 
correspond  with^them.  The  constellation  tance  of  the  body  be  known,  and  its  alti- 
of  the  Ram  is  now  near  the  sign  s  of  tude  when  on  the  meridian  of  any  place 
the  ecliptic ;  that  of  the  Lion,  near  n^ ;  observed,  the  elevation,  or  zenith  dis- 
that  of  the  Waterman,  near  X»  tance,  of  the  Pole  there  may  be  ascer- 
We  see  therefore  the  importance  of  tained.    It  is  accordingly  the  easiest  way 
attending  to  precession,  in  reducing  ob-  of  ascertaining  the  elevation  of  the  Pole 
servations  made  at  different  times,  for  at  any  particular  place,  to  observe  the 
the  purpose  of  comparison  with  each  meridian  altitude  of  a  star  whose  de- 
other.  If  we  failed  to  do  so,  a  star  really  clination  is  known ;  and  thence  to  cora- 
at  rest  would  be  spoken  of  as  having  pute  the  elevation  of  the  Pole.  But  in  this 
moved  through    the  whole  space,   by  case  also,  if  some  time  has  elapsed  since 
which  in  reality  the  equinox  has  re-  the  declination  of  the  star  observed  was 
ceded  from  it.     But  there  is  another  not  ascertained,  that  declination  will  have 
less  important  application  of  the  doc-  been  altered  by  precession;  and  the  ete- 
trine.    Our  present  observations  must  vation  of  the  role  will  therefore  be  er- 
also  frequently  be  corrected  by  consi-  roneously  deduced,  unless  we  previously 
derations  derived  from  precession.    For  correct  the  registered  declination,  so  as  to 
instance,  all  observations  which  involve  have  the  accumte  value  of  that  element 
the  right  ascension  as  one  of  their  ele-  before  we  use  it  in  our  computation, 
ments,  are  made  by  observing  the  time        These  observations  naturally  lead  us 
by  a  clock  adjusted  to  sidereal  time.     It  to  consider  the  subject  of  the  correciums 
is  therefore  necessary  that  we  should  necessary  to  deduce  from  the  observed 
be  able  to  ascertain  the  correctness  of  place  of  a  body  its  true  one.     These 
this  clock :  and  this  may  be  done  by  try-  corrections  are  no  less  than  five  in  nam- 
ing whether  it  accurately  marks  the  ber:    precession,    refraction,    parallax, 
time  at  which  a  star,  whose  place  is  nutation,  and  aberration.    We  have  al- 
wcll  known,    comes  to  the  meridian,  ready  sufficiently  considered  the  subject 
Thus,  if  the  right  ascension  of  a  parti-  of  precession, 
cular  star  is  known  to  be  90°,  or  a  ^  rr     r^^  ^  ^       - 
quarter  of  a  circle,  its  time  of  coming  to  Section  II.— 0/  RefracHon-^lU  no- 
the  meridian  would  be  6  hours,  or  a        ^"^^»  vartatton,  and  amounf-^Oval 
quarter  of  a  day,  after  the  first  point  of        aopearance  of  Sun  and  Moan  near 
Aries  had  done  so ;  and  the  clock  would        \^^^  /lortzon'^pim  appeca-ance  ofolh 
be  correct,  if  at  that  instant  it  marked       J^cts  near  the  horizon— Twilight. 
6**  of  sidereal  time  as  that  interval.    If  Thb  different  branches  of  sciem^  are 
however  tliC  star's  right  ascension  had  intimately  connected  with  each   other, 

been  ascertained  some  time  before,  it  Z      Tl     ~         Z — 7. TT 

would  have  been  altered  in  the  interval  nVa^'l^'uX^'rrp'^ronT.'i^^fi^^^^ 

by  the  effect  of  precession  ;   let   us    sup-  know,  for  instance,  that  the  annual  effect  of  pracM- 

pose  it  to  have  been  increased  by  such  ;*r:'o*r'j:l&^^ 

an  arc.  as  would  correspond  to  8  seconds  in  lOO  days  i*  JS?  of  either  of  these  quantltlea,  or 

of  timet.      The  consequence   would   be  lO"  in  space,  or  f  of  a  second  in  time}  and  If 

__^ three  years  and  100  days  had  elapsed  since  the 

epoch  for  which  the  right  ascension  was  ascer- 

*  The  word  i«lgn  Is  even  u«»crt  sometimes  merely  tained,  the  present  right  a$icen<ion  would  exceed 

to  designate  30',  and  applied  In  this  manner  to  right  its  registered  value  by  3  x  36"..'»  +  10",  or  1'  «<r.4 

ascension,  with  which,  in  its  primary  sense,  it  had  In  space;  or  3x2^.43334- !•,  or  7*.S>666  in  time. 
nocounixion.  Tlius  the  ri«ht  ascension  2?i9^  l'2':V'         The  rate  of  precession  however,  even  for  the 

is  somcllmes  written  l^  ly^  12'  .V.    The  symbols  same  star,  has  some  variation  ;  and,  for  purpoMt 

bowever  of  the  particular  constellations  are  never  of  great  accuracy,  there  is  a  further  correction  w- 

thus  applied.  quisite  on  this  account}  but  this  neeU  not  be  anf 

t  The  eff«ct  of  precession  though  different  for  dlf.  nirtlier  noticed  bere. 
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and  few  of  them  can  be  explained  with-  amount  as  if  it  had  fallen  originally  on 

out  occasionally  having  recourse  to  facts  the  last  of  these  media  at  the  same 

ascertained  by,  and  properties  resulting  angle  as  that  at  which  it  fell  on  the 

from,  others.    In  explaining  the  manner  first.     If  the  medium  is  uniform,  its 

in  which  a  corvection  for  refraction  be-  parts  on  each  side  of  the  ray  whera 

eomes  necessary,  and  in  which  it  is  to  be  it  enters  correspond,  and  there  is  no 

made,  we  must  have  recourse  to  ascer-  cause  which  can  turn  the  ray  to  one 

tained  facts  and  principles,  derived  from  side  of  its  original  course  rather  than 

the  sciences  of  Optics  and  of  Hydro-  the  other,  though  the  medium  acts  so 

statics,  or  rather  that  part  of  the  latter  as  to  bend  the  ray  from  its  original 

which  is  known   under  the  name  of  course,  either  towards  or  from  the  per- 

Pneumatics.  pendicular :  the  deflection,  therefore,  is 

From  the  latter  we  learn  that  the  either  directly  towards,<or  directly  from, 
mtmosphere  continually  lessens  in  den-  the  perpendicular ;  and,  consequently, 
sty,  as  it  is  more  elevated  above  the  the  course  of  the  ray  after  deflection  is 
furface  of  the  earth ;  and  that,  with  in  the  plane  which  passes  through  its 
some  allowance  for  local  and  accidental  course  before  deflection  and  the  perpen- 
causes,  it  does  so  in  nearly  the  same  dicular,  or  in  the  same  plane  as  oefore ; 
manner  everywhere.  The  earth  there-  and  the  deflection  itself  therefore  is  en- 
fore  being  considered  as  spherical  (for  tirely  in  that  plane. 
its  variation  from  an  accurately  spherical  In  investigating  the  law  of  the  cor- 
form  may  here  be  neglected),  the  atmo-  recHon  to  be  applied  for  refhiction,  it  is 
sphere  will  consist  of  concentric  strata  plain  that  the  amount  of  the  deflection 
or  layers  of  air,  of  densities  continually  in  different  circumstances  is  what  we 
diminishing ;  and  the  surface  of  the  ex-  want  to  discover ;  for  that  is  the  differ- 
treme  stratum  will  also,  in  conformity  ence  between  the  observed  and  the  true 
with  the  general  principles  of  the  equili-  place  of  the  body, 
brium  of  fluids,  be  nearly  spherical  also.  To  ascertain  this,  we  will  first  make 

From  the  discoveries  of  Optics  we  the  simple  supposition  that  the  surface 
collect  that  a  ray  of  light  always  moves  of  the  earth  is  plane,  and  that  of  the  at- 
in  a  straight  line  through  any  trans-  mosphere  plane  also,  and  parallel  to  it ; 
parent  mecUum  of  equal  density  through-  and  we  will  further  suppose  in  the  first 
out  If  it  falls  perpendicularly  on  the  instance  that  the  density  of  the  atmos- 
tnrface  of  such  a  medium,  its  course  is  phere  is  uniform,  and  equtd  to  that 
not  affected  by  it»  but  it  passes  on  its  which  we  observe  at  the  earth's  surface, 
original  direction:  but  if  it  falls  on  it  The  surfaces  of  the  earth  and  atmo- 
ol£qudy,  its  direction  is  changed,  or  sphere  bein^  thus  supposed  to  be  parallel, 
the  ray  is  refracted,  at  the  point  of  in-  all  perpendiculars  to  the  surface  of  the 
ddence,  and  it  passes  on  through  the  atmosphere  must  be  parallel  to  those  to 
medium  in  a  line  making  a  certain  the  surface  of  the  earth.  A  ray,  rc- 
angle  with  the  former  course  of  the  ray,  fracted  at  the  exterior  surface  of  the  at- 
bat  which  is  itself  a  straight  line  if  the  mosphere,  will  pass  thence  in  a  straight 
medium  be  of  uniform  density.  In  this  line  through  the  atmosphere,  as  its 
ease,  the  sines  of  the  angles  of  incidence  density  is  supposed  to  be  uniform ;  and 
and  refiraction  (the  angles  which  the  when  it  arrives  at  the  surface  of  the 
my,  before  and  after  meeting  the  sur-  earth,  the  angle  which  it  makes  with  a 
fiuse*  makes  with  a  perpendicular  to  that  perpendicular  to  that  surface  must  be 
iurfiice  at  the  point  where  the  ray  meets  equal  to  that  which  it  made  with  the  per- 
il) bear  always,  whatever  be  the  amount  pendicular  to  the  surface  of  the  atmo- 
of  the  angle  of  incidence,  the  same  pro-  sphere  at  the  point  of  refraction,  since 
portion  to  each  other,  as  long  as  the  those  perpendiculars  are  parallel  to  each 
medium  is  the  same.  These  proper-  other.  The  perpendicular  to  the  earth's 
tiont  are  different  in  different  media,  surface  passes  through  the  zenith,  and 
and  the  ratio  is  generally  higher,  or  the  conseauently  the  angle  between  the  re- 
my  is  more  bent  out  of  its  course,  as  fracted  ray,  or  the  apparent  direction 
the  density  of  the  medium  is  greater;  of  the  star,  and  that  perpendicular,  is  the 
in  passing  fh)m  a  rarer  to  a  denser  apparent  zenith  distance  of  the  star; 
meaium,  the  ray  is  generally  bent  to-  it  is  also,  by  the  definition  of  the  term, 
ffiorde  the  perpendicular.  If  the  ray  the  angle  of  refraction  ;  and  conse- 
patses  through  several  media  bounded  quently,  the  angle  of  refraction  is  equal 
Dy  paraUel  plane  surfaces,  the  effect  to  the  apparent  zenith  distance  of  the  star. 
proonced  by  refraction  is  the  same  in  The  refracted  ray  lies  in  the  saooft  ^laxA 
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i¥ith  the  two  parallel  lines  which  it  joins ; 
and  Ihat  plane,  passinic  through  a  per- 
pendicular at  the  surface  of  tne  earth, ' 
18  necessarily  a  vertical  plane  there:  the 
effect  of  refraction  therefore  takes  place 
entirely  in  a  vertical  plane. 

Now  the  whole  amount  of  refraction 
produced  by  the  passage  of  a  ray  of  light 
m)m  a  vacuum  into  air  of  the  density 
usual  at  the  earth's  surface  is  yery  small. 
According  to  the  table  given  in  the 
treatise  on  Optics,  p.  6,  the  ratio  of 
the  sine  of  incidence  to  the  sine  of  re- 
fraction is  less  than  1.0003  to  1.  It 
follows,  by  a  very  easy  computation, 
that  the  deflection  increases  very  nearly 
in  the  same  proportion  as  the  tangent  of 
the  angle  of  refraction,  or  of  the  apparent 
zenith  distance  *.  It  is  to  be  observed 
also  that  the  refraction  takes  place  on 
entering  a  denser  from  a  rarer  medium, 
and  consequently  the  refracted  ray  is 
nearer  the  perpendicular,  or  more  ele- 
vated, than  the  incident  ray.  The  ef- 
fect of  refraction  therefore  is  to  cause 
the  observed  altitude  of  a  body  to  be 
greater  than  its  true  altitude,  and  its 
observed  zenith  distance  to  be  less  than 
its  true  zenith  distance. 

The  same  conclusions  will  be  true,  al- 
though the  ray  may  pass  through  strata 
pf  air  of  different  densities,  if  the  surfaces 
of  all  these  strata  are  parallel  to  each 
other ;  for  we  have  already  mentioned 
that  in  that  case  the  amount  of  refrac- 
tion is  the  same  as  if  the  ray  fell  origi- 
nally on  the  last  medium.  Let  us  now  see 
in  what  manner  the  spherical  form  of  the 
earth  and  atmosphere  affects  the  result. 

For  this  purpose  we  will  again  begin 
with  the  simplest  supposition,  that  of  an 
uniform  density.  We  have  already 
mentioned  that  the  surface  of  the  earth 
and  of  the  atmosphere  will  be  concen- 
tric spheres,  and  consequently  a  line 
drawn  from  the  centre  of  the  earth  to 
meet  either  of  them  will  be  perpendicular 
to  their  surfaces  where  it  meets  them. 
The  line  therefore,  drawn  to  the  surface 


*  [Let  I  represent  the  angle  of  incidence,  R  the 
angle  of  refraction,  r  the  amount  of  deflection,  m 
the  Index  of  refraction  for  the  particular  medium. 

Then,  by  the  general  principles  of  Optics,  ain. 
I  =  m  sin.  R. 

But  as  the  ray  is  bent  toward*  the  perpendicular, 
or  R  is  less  than  I,  I  =  R  -f-  r,  and  consequently 
the  former  equation  becomes  sin.  (R-f-r^  —  m  sin.  R, 
or  sin.  R.  ens.  r-f-  cos.  R.  sin.  r  =  m  slu.  R. 

But  as  r  is  necessarily  very  small,  cos.  r  =  1  and 

tin.  r=r  very  nearly.    The  equation  therefore  is 

equlTalcnt  to 

sin.  R  4-  r.  cos.  R  =  m  sin.  R, 

or  r.  cos.  R  =  (m —  1)  sin.  R, 

.    sin.  R     ,        ,  _ , 

or  r  =  (m  — 1) -  =  (■•—1)  tan.R  ] 

coc.  R 


of  the  earth  at  any  particular  place,  inU 
pass  through  the  zenith  of  that  place. 
In^.  8,  let  O  represent  the  centre  of 
the  earth,  and  the  concentric  circles  the 
earth  and  the  outside  of  the  atmosphere, 
S  R  T  the  course  of  a  ray  refracted  at  R» 

Fig.B. 


and  passing:  to  the  eye  of  an  observer 
at  T.  Join  O T,  OR,  and  produce 
them;  the  line  OT  will  pass  through 
the  zenith  of  the  observer  at  T,  and  any 
plane  passing  throusrh  it  must  be  a  ver- 
tical plane.  Now  the  line  T  R  neces- 
sarily is  in  the  same  plane  with  OR, 
O  TZ,  which  it  joins ;  it  is  therefore  in 
a  plane  vertical  at  T ;  and  so  is  the  line 
R  S,  for  the  course  of  the  ray  before  and 
after  refraction  is  in  the  same  plane. 
As  in  the  case  of  a  plane  surface  Uiere- 
fore.  the  deflection  takes  place  in  a  ver- 
tical plane ;  and,  as  before,  it  raises  the 
apparent  place  of  the  body  al)ove  the 
real  place,  the  deflection  in  this  case 
also  being  towards  the  perpendicular. 

Thus  far  the  results  correspond  on 
the  two  suppositions.  The  amount 
however  of  the  deflection  is  different 
both  in  quantity  and  in  the  law  of  its 
variation.  It  continues  indeed  to  vary 
as  the  tangent  of  the  angle  of  refraction, 
the  angle  T  R  O,  or  S'  R  Y ;  but  this 
&nfr\e  is  no  longer  equal  to  the  apparent 
zenith  distance  S'  T  Z,  for  S'  T  Z,  the  ex- 
terior angle  of  the  triangle  RTO  is 
equal  to  the  sum  of  the  interior  and 
opposite  angles  T  R  O  and  T  O  R.  The 
amount  of  the  deviation  too  is  dimi- 
nished, for  a  ray  falling  parallel  to  S  R 
upon  a  refracting  sm&ce  at  T,  would 
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in  the  same  manner  make  a  greater 
ansrle  with  OTZ  than  S  R  does  with 
ORY;  and  the  angle  of  incidence 
being  thus  increased,  the  angle  of  re- 
firaction  and  the  deflection  would  be 
increased  also.  The  actual  deflection 
therefore  is  less  than  it  would  be  if  the 
ray  were  incident  immediately  at  T. 

XVe  may  now  proceed  to  the  case  of 
several  concentric  strata  of  air,  each  of 
uniform  density  through  its  whole  thick- 
ness, and  the  nearer  to  the  earth  always 
more  dense  than  that  more  remote  ftrom 
it.  These  may  be  represented  by  the 
concentric  circles  in  Jig,  9,  and    the 
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line  O  T  Z,  as  before,  will  pass  through 
the  zenith  of  an  observer  at  T.  Let 
SRiRtReR4T  represent  the  course  of 
a  ray,  which  will  of  course  be  refracted 
at  the  points  Ri,  R«,  R«,  Ri.  In  the  same 
manner  as  before,  the  line  T  R4  will  be 
in  a  plane  vertical  at  T,  and  the  line 
RtR^,  the  course  of  the  ray  before  re- 
fraction at  R4,  in  the  same  plane  with 
R4T,  its  course  after  refraction;  and 
similarly,  KtR«  in  the  same  plane  with 
RaR«,  KiRf  in  the  same  plane  with 
B«R«,  and  8R1  in  the  same  plane  with 
Ri  Rt,  and,  consequently,  with  R4T,  or 
in  a  plane  vertical  at  T.  The  difference 
between  their  directions  therefore  will 
be  in  the  same  vertical  plane ;  or  in  this 
case  also  the  deflection  takes  place  in 
a  vertical  plane ;  and  as  each  successive 
__*_.,     ^  '^  passing  from  a  rarer  to 


a  denser  medium,  the  ray  will  at  each 
time  be  drawn  nearer  to  the  perpendi- 
cular ;  and  consequently,  as  before,  the 
body  will  be  raised  by  refraction. 

In  this  case  however,  as  before,  the 
amount  of  deflection  will  be  less  than 
if  the  ray  were  incident  immediately 
on  a  refracting  surface  at  T,  and  the 
law  of  its  variation  will  differ  from 
that  of  the  tangent  of  the  apparent 
zenith  distance.  If  we  suppose  lines 
drawn  from  O  through  R«.R8.Ra.Ri. 
each  of  these  lines  will  be  perpendicular 
to  the  spheres  at  the  points  R4,  R3,  Rt,  Ri, 
and  pass  through  tlie  zeniths  of  those 
points  respectively.  Taking  therefore 
the  case  of  the  extreme  stratum  Ri  R^ 
the  results  there  will  be  exactly  the 
same  as  those  previously  deduced  for 
a  single  stratum  of  uniform  density, 
for  it  is  one ;  and  then  we  have  al- 
ready seen  that  the  deflection  at  R«  will 
be  less  than  if  the  ray  were  immediately 
incident  there.  In  the  same  manner, 
taking  the  different  strata  in  succession, 
the  deflection  of  a  rav  incident  at  Ri  in 
the  direction  Ri  Rs  win  be  less  than  that 
of  a  parallel  ray  immediately  incident  at 
R3;  that  of  a  ray  incident  at  Rt  less 
than  that  of  a  parallel  ray  incident  im- 
mediately at  R4 ;  that  of  the  ray  R4  T  less 
than  that  of  a  parallel  ray  incident  im- 
mediately at  T;  and  consequently  the 
whole  deflection,  being  the  sum  of  these 
deflections  each  of  which  is  diminished 
by  the  spherical  form  of  the  atmosphere, 
will  itself  be  diminished  by  it.  The 
amount  of  each  particular  deflection  will 
be  determined  oy  the  tangent  of  the 
angle  of  refraction  there*.  We  have  al- 
re^y  seen,  that  in  each  particular  stra- 
tum this  anele  does  not  accuratelv  cor- 
respond witn  the  apparent  zenith  dis- 
tance there ;  and  of  course  we  have  no 
reason  to  suppose  that  the  aggregate  of 
these  deflections  will  correspond  with  the 
tangent  of  the  apparent  zenith  distance 
at  the  ultimate  place  of  observation. 

*  [Id  deducing  the  variation  of  the  deflection  as 
the  tangent  of  the  angle  of  refraction,  we  con- 
aideredm  to  represent  the  index  of  refraction  from 
a  vacnuiD  intoairof  the  density  usual  at  the  earth 'n 
surface.  The  proof  however  was  independent  of 
this  particular  value,  and  only  depended  on  the 
whole  amount  of  refraction  being  very  small.  Of 
course  the  difference  of  the  densities  of  the  suc- 
cessive strata  of  air,  since  that  next  to  the  earth's 
surface  is  supposed  the  densest,  must  fall  short  of 
the  difference  between  the  density  of  that  stratum 
and  a  vacuum ;  and  consequently  the  amount  and 
index  of  refraction  lo  each  case  be  less  than  in  that 
already  demonstrated.  The  same  result  therefore, 
that  the  deflection  will  vary  as  the  tangent  ot  the 
acgle  of  refraction,  will  apply  in  these  cases  also, 
and  with  yet  more  accuracy  from  tha  yel  smaller 
Taloe  of  tba  quautiUet  neglected.] 
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These  ar^ments  are  evidentiy  inde-  small  to  make  the  law  of  the  Yanation 

pendent  of  the  number  of  strata,  and  of  very  far  different  in  the  existing  from 

their  thickness.     If  therefore  we  con-  ivhat  it  would  be  in  the  supposed  case. 

ceive  the  atmosphere  to  be  divided  into  The   whole  refraction  is  less    than  it 

an  indefinite  number  of  strata,  and  the  would  be  on  the  supposition  on  which 

thickness  of  each  of  course  to  be  inde-  that  result  was  deduced ;  but  whether  it 

finitely  small,  the  same  conclusions  will  is  diminished  at  all  altitudes  in  the  same 

hold  good.  The  different  strata,  being  still  proportion,  in  which  case  the  lay^  of  its 

successively  denser  as  they  approach  the  variation  would  remain  unaltered,   or 

surface  of  the  earth,  the  ray  will  be  bent  whether  it  is  affected  differently  under 

towards  the  ixjrpendicular  at  each  ;  but  different  circumstances,  we  do  not  as 

the  difference  of  density  being  very  small  yet  see.    And  it  is  a  subject  of  more  in- 

indeed,  and  thepoints  at  which  the  succes-  tricate  calculation  than  it  is  desirable 

sive  bendings  down  take  place  brought  here  to  introduce.    The  result  however 

very  close  to  each  other,  the  path  of  the  is,   that  the  diminution    of   refraction 

ray  will  hardly  differ  from  a  curve  of  a  occasioned    by   the    spherical  form  of 

continuous  curvature  ;  that  is  to  say,  a  the  earth  and  atmosphere  varies  as  the 

line  continually  bending,  and  not  chang-  sum  of  a  certain  series   involving  the 

ing  its  course,  as  in  the  figure  we  have  cube,    the   fifth    power,    the    seventh 

drawn,  by  abrupt  angular  deviations  at  power,  &ci  of  the  tangent  of  the  apparent 

distinct  points.    The  thinner  and  more  zenith  distance.     The    terms    beyond 

numerous  the  strata,  the  more   com-  the  cube  may,  from  the  smallness  of 

pletely  will  the  line  assume  this  charac-  their  coefficients,  be  safely  neglected  in 

ter.   Now  the  air  (speaking  without  refer-  all  cases  where  the  zenith  distance  does 

ence  to  accidental  circumstances,  which  not  approach  90°,  and  even  the  term  in- 

may  produce  trifling  exceptions,  which  volving  the  cube  of  the  tangent,  is  veiy 

even  where  they  occur  do  not  mate-  small  in  comparison  with  that    invol- 

rially  affect  the  truth  of  our  conclusions)  ing  the  tangent  itself  merely.     As  a 

continually  diminishes  in  density  as  its  roue:h   approximation  therefore,  the  va- 

distance  from  the  earth's  surface   in-  nation  in  the  proportion  of  the  tangent 

creases ;  and  consequently,  the  smaller  may,  in  this  case  also,  be  used*. 

"the  thickness  which  we  suppose  each  stra- __^ 

tum  to  have,  the  more  nearly  do  we  ap- 
proach to  a  true  representation  of  the  at-       •  [For  scieutinc  purposes  we  <fe  in  want  of  s 

nin«snhpre       Diminishini?-   the    thickness  ^^^^  accuraie  estimate  of  refraction  than    the 

mospnere.      i^imimsning   me    imCKness  „iu,ple  one  given  in  the  text.    The  formula  given 

of  each  stratum  indefinitely,  we  have  a  by  La  Place  is 

true  representation  of  the  atmosphere :         „     ,     ,  2  .         „       . 

and  in  this  case  we  have  seen  that  the         R  =  («  +  3-  «» -a  6)  tan.  z  -  ah,  tan.  az, 

line  becomes  a  curve.      Every  deflection  where  R  \%  the  refraction,  Z  the  apparent  zenith, 

is  towards  the  perpendicular ;  they  are  't'^Frff^^^^^T'^^'   Thu  formula  is  pene- 

,,    ;,  -         1^    *^     *j     AL  ^i_  J  Ai  ""'y  "*^^  fo""  computation,  but  does  not  apply  ac- 

all  therefore  towards  the  earth,  and  the  curately  at  lenilh  distances  exceeding  74^,  or  at 

curve   described   by  the  ray   is  concave  altitudes  less  than  16°.     Another  formula,  of  « 

f  AwnrH«  \\\»  Pflrfh  simpler  form,  though   not  quite  equaUy  correct 

lowaras  Uie  eariil.  within  the  limits  to  which  that  already  given  pro- 

In  this  case  all   the  results   which  we  perlyapplles.ls  found  to  give  very  accurate  resnlta 

have  deduced  «U1  apply.  The  ray.  after  "S^KZ'^^^llZiST^K^K^^T^  '^^tl 

each   successive  bending,  will  be  in   the  in  this  formula,  the  refracUonIs  supposed  to  varf, 

same  vertical  plane  as  before :  there  will  »<>'  ««,  in  the  rough  approximation  in  the  text, 

iK....»rr>«.a  K«    «^  f.t*»;»»  ♦«    ««»«   ^\Ar.  ^-  according  to  the  variatinn  of  the  Ungent  of  the 

therefore  be   no  turnmg  to    one   side  or  apparentzenlthdlsUnce.  but  to  that  of  the  tangent 

the  other,  but  the  ray,    when  it  enters  of  that  distance  diminished  by  three  timet  the 

the  eye   of  the   spectator,  will  come   in  «nount  of  the  refraction,  a.  computed  by  that  im- 

^L     J-       A-  e  •   i.  u-    L      *L        *i_  perfect  approximation.     If  therefore  A  repreaent 

the  direction   of  a  point  nigtier  than  the  the  amount  of  the  refraction  at  a  given  lenith 

situation  of   the    object   from   which   it  distance  P,  R  the  true  amount  of  the  refracUon  at 

really  proceeds.    The  whole  refraction  :Zut."f^.«f■^^?."",Ji;o:"'„:lthdUn^ 

will   also  be  less  than   it  would   be  if  it  respectively,  as  computed  on  the  original  auppo- 

took  place  at  once,  wlien  the  air  has  tf:^°i^T'::il^tT^,'^^:;::^f^ 
acquired  its  final  density. 


zenith  distance,  we  shall  have  this  proporti 
B  :  A  :•  tan.  (r— 3r)  :  tan.  (P— 3a) 


This  being  the  case,  we  have  no  longer 

any  just  ground  to  conclude  that  the  *^'^~taiir(F^^^Ja)**°*^'~^''^ 

refraction  at  different  zenith  distances  ^ow  the  tangent  of  45^  =  1 ;  if.  therefore,  P  be 

will  vary  accurately  as  the  tangent  of  «o  assumed  that  p— 3  a  be  equal  to  45^  r=a 

the  apparent   zenith    distance,  though  Sf*  ^'C7?:''^'^^*°?,*^"l^!*",*»~°*,<>?.'^"?^ 

41-      J  XI'                 4i-                    •        J    •      X  Won  which  corresponds  to  that  value  of  P.    A  if 

tne  ailierence   thus   OCCasiOnea   is   too  round  by  obeerraaoii,  or  it  m»7  b«  dednoed  ft«m 
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The  refraction  increases  as  the  zenith 
distance  of  the  body -increases ;  for  the 


theory,  to  be  of  the  value  of  i7",*  when  the  mer- 
cary  in  the  barometer  stands  at  the  height  of  29^ 
Inches,  and  Fahrenheit's  thermometer  stands  at 
50.  The  value  of  A  (which  is  very  nearly  the 
game  as  that  of  a)  iMlng  so  small,  P  itself  la  very 
nearly  equal  to  45^. 

We  have  mentioned  the  height  of  the  barometer 
and  thermometer  at  the  time  when  the  value  of 
A  is  ascertained.  It  is  evidently  necessary  that 
these  should  be  taken  into  the  account.  The  den- 
sity of  air  increases  In  proportion  as  the  weight 
pressing  on  it  increases,  or  the  density  of  the  air 
at  the  earth's  surface  increases  in  proportion  to 
the  weight  of  a  column  reaching  through  the 
whole  atmosphere.  But  to  this  weight,  the  weight 
of  the  column  of  mercury  in  the  tube  of  the  baro- 
meter Is  equal.  The  density  of  the  air  therefore 
Increases  in  proportion  as  the  height  of  the  mer- 
cury in  the  barometer  increases,  if  the  density  of 
the  mercury  in  the  barometer  remains  the  same  :  its 
refractive  power  also,  which  increases,  as  its  density 
Increases,  Is  found  to  do  so  in  the  same  proportion 
or  very  nearly  so.  The  whole  amount  of  refrac- 
tion therefore,  which,  when  the  barometer  stands 
at  29.6,  is  A  tan.  (z  —  3  r),  will  be  greater  or  less 
than  this  quantity  as  the  barometer  stands  above 
or  below  tnat  height:  or  if  h  represent  the  height 
of  the  barometer,  our  formula  will  become 

B  =  ^Atan.(«  — 3r). 

The  effect  of  an  increase  of  temperature,  on  the 
other  hand,  is  to  increase  the  elasticity  of  the  air, 
and  also  to  diminish  the  density  of  the  column  of 
mercury  in  the  barometer,  and  thus  to  make  an 
equal  height  of  the  barometer  correspond  to  a  less 
weight  of  air.  On  this  latter  account,  the  formula 
already  stated  as  Involving  the  height  of  the  ba- 
rometer,  requires  a  little  alteration.  If  t  be  the 
height  of  Fahrenheit's  thermometer  at  the  time 

•f  U&e   observation,  the  correcting  firaction  •----, 

will  have  to  be  Increased  when  t  is  less  than  50, 
aikl  diminished  when  It  Is  greater)   the  correct 

value  is  found  to  be  -^—  (1.006  —  .0001  0. 

JM.n 

A  separate  correction  is  required  for  the  in- 
creased elasticity  of  the  air,  for  the  air  in 
consequence,  without  having  its  whole  weight 
diminished,  is  spread  over  a  larger  space  j 
and  Its  density,  and  consequently  its  refracting 
power,  is  diminished.  The  precise  proportion  in 
which  Uiis  effect  is  produced  however  is  not 
well  ascertained.  According  to  Bradley,  the  for- 
mula given  above  Is  made  to  include  the  effect  of 
temperature  In  modifying  the  amount  of  refraction 

400 
by  multiplying  it  by  ,  where  *  is  the  height 

of   Fahrenheit's    thermometer    at    the   time    of 
the  olMervatlon:  according  to  Dr.  Brinkley,  the 
fraction  by  which  It  is  to  be  multiplied  would  be 
500 

Using  the  latter  fraction,  and  Dr.  Brinkley's 
value  of  A,  the  formula  becomes 

■~ri  X  ^  Cl.006-  .000*0  X  h7",:2»  ton.  («-3r). 

This  formula  evidently  corresponds  with  the 
general  principle,  that  the  refraction  will  diminish 
as  the  temperature  Increases  ;  for  as  the  tempe- 
rature does  so,  the  denominator  of  the  fraction  in- 
creases, and  tl^e  value  of  the  fraction  is  diminished, 
the  value  of  the  quantity  .0001  t  in  the  numerator 
being  too  small  to  affect  the  truth  of  thb  result. 
Still  however  some  uncertainty  remains  as  to  the 
exact  amount  of  the  refraction  at  different  tern- 

*  M^.9  accOTding  to  Bradley  }  b7".b  according  to 
the  flcadi  Tables  >  67^  72  according  to  Briaktey. 


tangent  of  any  angle  increases  as  the 
angle  increases.  The  tangent  increases 
slowly  while  the  angle  is  small,  continu- 
ally more  rapidly  as  it  becomes  larger, 
and  with  excessive  rapidity  when  the  angle 
approaches  90'',  at  which  time  also  it 
becomes  very  great  in  absolute  amount/ 
and  when  the  angle  is  of  90°  its  tangent 
is  of  infinite  magnitude.  All  the  smtdl 
inaccuracies  therefore,  which  may  be 
neglected  while  the  angle  is  small,  can- 
not be  so  when  it  approaches  90*»,  as 
they  then  affect  a  auantitjj^  of  great 
amount,  and  very  rapid  variation .  None 
of  the  formulae  deauced  therefore  can 
safely  be  relied  on,  except  when  applied 
to  bodies  whose  zenith  distance  falls  con- 
siderably short  of  90°,  or  which  are  con- 
siderably above  the  horizon.  None  of 
them  are  considered  to  be  practicably  ap* 
plicable  if  the  zenith  distance  exceeds  80**, 
or  the  body  observed  is  wilhin  10°  of 
the  horizon. 

This  however  is  of  little  importance ; 
for  none  of  the  most  material  observa- 
tions are  made  on  bodies  below  that 
altitude.  Below  it,  the  amount  of  re- 
fraction, from  causes  hitherto  unascer- 
tained, seems  irregular ;  the  refraction 
indeed  continues  to  increase,  and  that 
rapidly,  as  the  zenith  distance  increases : 
but  it  is  different  at  different  times,  and 
in  different  places,  and  its  actual  amount, 
and  the  manner  in  which  it  is  affected 
by  the  state  of  the  atmosphere,  have  not 
hitherto  been  accurately  ascertained. 

Having  thus  explained  the  manner  in 
which  refraction  varies,  we  have  still  to 
see  how  it  affects  our  observations  of 
heavenly  bodies,  and  to  explain  some 
remarkable  phenomena  which  it  pro- 
duces. 

In  the  first  place,  it  is  of  importance 
to  remark  that  all  heavenly  bodies  are 
alike  affected  by  it.  The  effect  is  pro- 
duced merely  by  the  operation  of  the 
atmosphere;  and  consequently  every 
object,  whether    sun,  moon,  or    star, 

peratures.  It  is  not  found  that  any  other  cir- 
cumstances with  respect  to  the  state  of  the  atmos- 
phere affect  the  amount  of  refraction. 

There  is  a  very  slight  additional  correcUon 
to  the  formula,  required  for  purposes  of  ex- 
treme accuracy,  arising  from  the  variation  of 
gravity  at  different  points  of  the  earth's  surface. 
The  density  of  the  air  depends  on  the  pressure 
upon  it  of  the  higher  strata  of  air,  and  this  is  evi- 
dently greater  as  the  gravity  is  greater.  We  shall 
hereafter  see  that  the  force  of  gravity  Is  conti- 
nually  greater  as  we  recede  from  the  equator  and 
approach  tike  poles  of  the  earth :  the  refraction 
therefore  will  be  so  also.  But  the  variation 
arising  from  this  cause  is  exceedingly  small :  even 
where  it  is  greatest  it  wiU  nut  cause  the  refraction 
to  differ  by  1.350th  f^om  the  value  which  It  WQoUL 
otherwlMhaTc.3 
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will  have  its  apparent  place  differ  from 
its  true  one  in  the  same  manner,  since 
the  same  causes  work  upon  it,  under  the 
same  circumstances,  ahd  for  the  same 
space.  We  have  already  seen  that  the 
only  effect  of  refraction  is  to  raise  the 
place  of  the  body ;  and  consequently, 
that  the  correction  of  refraction  is  to  be 
subtracted  from  the  observed  altitude, 
or  added  to  the  observed  zenith  distance. 
The  correction  however  is  greater 
as  the  zenith  distance  is  greater,  and  less 
as  it  is  less.  Now  at  every  place,  ex- 
cept where  the  pole  is  in  the  zenith,  all 
heavenly  bodies,  except  the  circumpolar 
stars,  rise  from  the  horizon  towards  the 
east,  return  to  it  towards  the  west,  and 
are  continually  at  different  elevations 
during  their  progress  from  the  one  point 
to  the  other,  being  highest  upon  the 
meridian.  The  circumpolar  stars  them- 
selves are  similarly  affected,  being  at 
their  highest  and  lowest  points  when 
they  pass  the  meridian ;  and  succes 
sively  at  different  elevations  at  every 
instant  between  them.  The  correction 
for  refraction  therefore  will  be  different 
at  every  different  instant ;  and  if  the 
real  path  described  by  each  star  in  its 
daily  course  is  a  circle,  its  apparent 
course  will  be  unequally  raised  above 
this  circle  in  different  parts,  and  will 
not  be  accurately  ciicular.  And  so 
we  find  it:  the  apparent  path  which,  in 
the  early  part  of  this  treatise,  we  have 
spoken  of  as  circular,  is  not  accurately 


so:  but  when  the  proper  correction  for 
refraction  is  made  in  each  particular 
instance,  it  becomes  so:  or  rather,  to 
speak  more  correctly,  it  becomes  more 
nearly  so;  for  there  are  other  correc- 
tions still  to  be  made,  before  it  becomes 
accurately  so.  All  the  corrections  how- 
ever are  small,  so  that  the  apparent  path 
does  not  very  considerably  differ  from 
the  true  one;  it  will  therefore  to  all 
common  observation  appear  circular; 
and  the  results  deduced  in  our  early 
chapters  will  be  arrived  at,  though  not 
with  strict  accuracy,  in  the  manner 
there  pointed  out. 

There  are  however  some  important 
and  curious  conclusions,  which  may  be 
at  once  deduced  from  the  doctrine  of 
refraction. 

A  ray  of  light  which,  passing  out  of 
a  vacuum,  falls  on  the  surface  of  any 
medium,  at  an  angle  of  90°  from  the  per- 
pendicular to  the  surface  at  the  point, 
will  not  enter  the  medium.  The  conse- 
quence would  of  course  be,  that  if  the 
external  surface  of  the  atmosphere  were 
plane,  a  ray  of  light  proceeding  from  a 
star  90°  from  the  zenith  would  never 
enter  it ;  and  thus  every  heavenly  body, 
as  a  star,  or  the  sun,  would  never  be 
seen  when  just  upon  the  horizon.  The 
shape  of  the  atmosphere  however  is 
spherical,  and  we  shall  find  that  this 
prevents  the  consequence  just  pointed 
out 

In  Jig,  10,  let  O  represent  the  centre 
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of  the  earth ;  the  circular  arc  nearest  it,  upon  it,  is  not  very  accurately  ascertained ; 
part  of  its  surface,  that  farthest  from  it,  it  varies  much  in  different  climates,  and 
part  of  the  outer  surface  of  the  atmo-  from  local  and  accidental  circumstances 
sphere.  Let  T  be  the  position  of  the  ob-  in  the  same.  Vapours  and  exhalations 
server,  Z  his  zenith :  O  T  Z,  therefore,  continually  affect  it ;  and  the  account 
is  a  straight  line,  and  if  T  X  be  drawn  given  in  the  latter  part  of  the  treatise  on 
a  tangent  to  the  circle  at  T,  it  will  be  Optics,  p.  56,  &c.,  of  the  phenomena  of 
perpendicular  to  O  T  Z,  and  will  be  in  the  mirage,  abundantly  shews  how  un« 
the  horizon  of  the  observer.  Inde-  certain  and  irregular  may  be  the  re- 
pendently  of  refraction,  no  heavenly  fraction  of  a  rav  proceeding  throuc^h  a 
body  situated  below  this  horizon  could  large  portion  of  the  lower  strata  of  the 
be  seen  by  the  observer  at  T,  for  atmosphere.  Generally  speaking,  how- 
part  of  the  opaque  earth  would  be  be-  ever,  the  average  horizontal  refraction 
tween  them.  Let  a  ray,  however,  pro-  in  this  country  is  about  33'. 
ceed  from  a  heavenly  body  S,  and  meet  It  is  obvious  that  the  effect  of  this 
the  exterior  surface  of  the  atmosphere  horizontal  refraction  is  to  lengthen  the 
at  the  point  t ;  through  t  draw  O  /  ^r,  a  period  during  which  every  heavenly 
line  passing  through  the  centre  of  the  body  appears  to  be  above  the  horizon, 
earth,  and  ^27  perpendicular  to  that  line.  It  is  seen  as  if  upon  the  horizon  when 

If  S  be  any  heavenly  body  depressed  it  is  really  33'  below  it ;  it  then  appears 
below  the  horizon  at  T,  but  so  little  that  to  rise  above  it,  and  continues  apparently 
a  ray  from  it  falls  on  the  atmosphere  at  /  above  it  during  its  whole  course,  untd 
above  the  line  ^^,  that  ray  will  fall  upon  it  it  again  becomes  33'  below  it,  when  it 
at  an  angle  S  ^z,  less  than  a  right  an^le ;  apparently  returns  to  the  horizon,  and 
and  will  consequently  be  refracted  mto  then  sinks  below  it.  The  time  therefore 
the  atmosphere,  and  follow  the  usual  of  its  appearing  above  the  horizon  is 
law  of  refraction,  being  continually  bent  greater  than  that  of  its  really  being  so, 
downwards*.  Different  situations  may  by  the  time  which  it  takes  to  rise 
be  assigned  to  the  point  t,  and  the  star  through  an  altitude  of  33'  on  the  Eas- 
S,  each  of  which  will  transmit  the  ray  tern,  and  to  sink  through  an  altitude  of 
to  the  observer  at  T.  As  the  figure  is  33'  on  the  western  side  of  the  heavens, 
drawn,  the  ray  arrives  at  his  position  in  Conversely,  as  the  time  during  which 
the  direction  of  the  tangent  TX,  or  the  a  heavenly  body  is  really  above  the  ho- 
star  would  appear  to  be  upon  the  hori-  rizon  is  readily  computed  when  its  place 
zon ;  if  both  S  and  t  were  taken  higher,  is  ascertained,  and  that  during  which  it 
the  curve  would  pass  above  that  tan-  appears  above  the  horizon  is  easily  ob- 
gent,  and  the  ray  enter  the  eye  in  conse-  served,  the  difference  between  these  two 
quence  from  a  higher  point :  in  that  may  be  ascertained ;  and  from  it,  the 
case  therefore  a  star,  still  really  below  arc  through  which  the  body  is  ap- 
the  horizon,  would  appear  above  it.  parently  raised,  or  the  horizontal  re- 
in the  same  manner,  a  ray  proceeding  fraction,  may  be  calculated, 
from  a  body  in  the  Hne  T  X,  and  falling  The  sun,  as  well  as  every  other  hea- 
on  the  atmosphere  above  that  line,  might  venly  body,  being  raised  by  refraction, 
be  refracted  to  T ;  and  thus  the  spherical  the  period  during  which  he  appears 
form  of  the  atmosphere  would  render  a  above  the  horizon  is  increased,  or  the 
body,  really  exactly  upon  the  horizon,  day  is  lengthened  by  that  means.  In 
▼isible :  the  consequence  to  which  re-  the  same  manner,  as  we  have  already 
ference  has  been  made  above.  observed,  p.  28,  the  effect  of  refrac- 

The  amount  of  the  horizontal  refrac-  tion  in  places  where  at  one  season 
tion,  or  the  real  depression  below  the  ho-  of  the  year  the  sun  never  appears  to 
rizon  of  a  body  which  appears  to  be  just  rise,  and  at  another  never  to  set,  is  to 
increase  the  length  of  time  during  which 

*  [Since  <*,  TX  are  perpendicular  to  the  lines  hc  is    continually    above,    tO     diminish 

O  z,  O  Z  respectively,  on  the  same  side  of  those  al^i.    ,i.,»:„„    «,u;^i,    i,«     ;„     «,x««:«.,«ii.. 

lines,  they  nic  Inclined  to  each  other  at  the  same  that    during    WhlCh    he     IS     continually 

angle  as  those  lines,  or  at  the  angle  TGI  (Trea-  below  the  horlzon. 

tise  on  Geo.  I.  18)  j   or,  as  the  line  tx  evidently  n^g^  doctrine  of  refrftptinn  fiirni^shps  an 

tends  downwards  from  TX,  the  line  tx  is  dc-         ineaocmneoi  reiracuon  mrnisnesan 

pressed  below  T  x  by  that  angle ;  it  therefore  explanation  of  another  remarkable  fact, 

fli"  ^*'i!^*^'^  *°y  •V**'  "^^  M**  ^'  "**'  **'^L"^'v**  Every  one  has  observed  that  the  sun 

oelovr  TX  by  an  angle  equally  great :  or,  if  Sbe  i'  i  ^i.i.> 

»  star  depressed  below  the  horizon  TX  by  an  a^d  moon,  when  Very  near  the  horizon, 

•rifle  less  than  TG/,   and  S  /  a  ray  proceeding  appear   of    an   OVa\    sha.Vk'i,  \\\^\X   V;\^\\v 

right  utgiej  height  yerticalVy.    The  v  wVaXiow  o\  x*- 
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fraction  at  altitudes  little  above  the  ho-  not  make  the  difference  of  more  than 

rizon  cannot  be  correctly  computed  from  about  a  fiftieth  part  of  this  quantity: 

the  formulaR  given  above,  but  it  will  still  an  amount  far  too  small  to  proauce  any 

have  some  correspondence  with  them,  perceptible  effect  on  the  general  appa- 

Now  the^r  depend  on  the  tangent  of  the  rent  form  of  so  large  an  object*, 

zenith  distance,  or  of  an  angle  only  a  «             ttt     .ri-r* 

littieless.    The  tangents  of  angles  dif-  ^^CTW^fUl^O/Parallax^Its  nature 

fering  very  little  from  right  angles  in-  and  vartatton---Mode  of  as^tmmng 

create  yefy  rapidly  for  small  alterations  *f*  amount'-Deductton  from  xt  of 

in  the  amount  of  the  angle.    It  is  plain  rS"**^^^*  diamet^s.and  magnu 

then  that  the  amount  of  refraction  must  ^  of  Heavenly  Bodie%-^ldmtity 

vary    very   rapidly   also.     The  whole  7  ^ennhU  and  rational  hortzon-- 

amount  of  the  refraction  near  the  ho-  Increase  of  Moon  s  apparent  diameter 

rizon  is  considerable  :  its  changes  there-  ^  '^  approaches  the  zenith. 

fore  are  considerable  also.   The  apparent  Gbnkrally  speaking,  if  different  per- 

diameter  of  the  sun  is  of  about  32' ;  the  sons  view  the  same  object  from  different 

variation  of  refraction  very  near  the  ho-  places,  they  will  see  it  in  different  direc- 

rizon,  occasioned  by  a  variation  of  al-    -— — — -rm; 

f  if  iiHp  nf  ^2'     k  crpnprftllv  nnt  1pq«!    nr  i«  ^     ^?  connexion  with  tblt  part  of  the  aubject, 

UlUaeOI  6£  ,  is  generally  not  less,  or  is  though  not  tlricUy  forming  a  pan  of  it,  or  affecting 

even  greater  than  4',    Now  distinct  rays  the  correctnest  of  observation,  we  may  explain 

proceed  from  the  different  parts  of  the  i^ZVf^^A^""  *°  ^'  ^*^  ****/l?".  °^  the  com. 

*      ,    ,     J                     J.U       *                     J"  paratively  dim   appearance  of  objects  seen  in,  or 

BUn  S  body  :   a  ray  therefore  proceeding  y,tty  near  the  horiion  $  and  also^  that  of  the  curious 

from  his  upper  limb,  or  rather  from  the  and  imporunt  phenomenon  of  twilight. 

highest  Doint  of  it   will  be  raised  bv  re-  i)^?*"  ^l*^  °^  "^*  P***"  ^^r°^^  »°y  medium 

iiigne!»i  puuiL  ui  u,  wui  ul  raraeu   uy  re  whaterer,  however  transparent  it  may  be,  acertain 

fraction  4'  less  than  one  proceeding  from  quantity  of  light  is  absorbed  by  the  medium  itself, 

the  lowest  point,  or  the  apparent  vertical  •"**  the  quantity  of  course  increases,  as  the  ray 

diameter  will  be  4'  less  tUn  it  ought  to  Cd'ea.'.'r'.'JS  i^uHi^pS:^^  "Si  Z^^ 

be,  or  than  32',  and  will  therefore  be  of  **»«  greater  \h  the  amount  of  light  absorbed.    Now 

28'  only     The  apparent  horizontal  dia-  S..7ori?oT"«S  IS^ugh  '.ISoSh'^SJr  i^SS 

meter  will  hardly  be  at  all  attccted :   for  of  the  atmosphere,  than  one  from  a  body  near 

as  refraction  takes  place  only  in   a  ver-  ***«  jenith.     For  instance,  in  the   figure    lO.   a 

A'      1   T        A'           n  Al           •    1       r  *.u     1-  ray  from  the  zenith  passes  only  through    V  T, 

tical  direction,  all  the  points  of  the  hon-  the  ray  from  the  sur  S  passes  through  the  longed 

ZOntal    diameter  .  will     be    raised     very  "pace  t  T.    Besides  this,  it  is  obvious,  ftrom  mere 

nearly  narallel  to  each  other*  and  bein<r  inspection  of  the  figure,  that  a  larger  proportion  of 

nearly  paraiiei  lo  cacn  oiner  ,  ana  DCing  ^^e  line  <T  is  in  the  lower  regions  of  the  atmo- 

at  the  same  altitude,  they  will  be  equally  sphere,  than  of  the  line  VT.    The  Une  VT  passes 

raised.       The    apparent   horizontal   dia-  dlrcctlythroughall  the  strata  j  the  line  /T  passes 

meter  therefore  wUl  continue  of  32' ;  and  ^S^n™" .T"d  co^^u"/™"'/  u?o"g.'r'&  IZ 

the  sun  will  appear  to  have  its  diameters  portion  among  the  strata  nearest  the  earth's  sur- 

in  the  proportion  of  28  and  32  to  each  fj*"!;  ♦i,""m'^^''^  f%**''T>f  *"**  ^T  ^??.'tf  *'J* 

..          '     .^    .1,    . ,        r  than  the  higher  strata.    The  quantity  of  light  ab- 

Other,  and  will    therefore  assume  a  per-  sorbcd  must  tlierefore   increase,  both  from    the 

Ceptibly    oval   form.      The    same    Obser-  greater  space  of  air  which  the  ray  traverses,  and 

-,«♦;..««    nrni     nnnl.r     4rt    iUa    «n^^«     i^  from  thc  gTeatcr  prouorllon  of  the  deuser,  iu  com- 

Vations     will     apply     to    the     moon     in  p„iHon  ^vlth  the    rarer,    air  throuKh  which     it 

similar  situations.    It  is  hardly  necessary  passes.     The  quantity  of  U^ht  absorbed  being  thus 

to  observe,  that  the  numbers  here  taken  l!!"J^'^»  ^^""^  ''^'''^  '!:°!°!V*  **n,¥.'"*!l.'"*l*.'*'  ""1 

.      '       ,  f      .,                             .  .i,  the  body  appears  more  faintly.    This  effect  Is  most 

are   only   used  for  the  purposes  of  lllus-  strongly  produced  near  the  horitou :  but  the  line 

tration,    and    that   the   degree   in    which  drawn  to  the  zenith  is  the  shortest  of  any  which 

♦hp    annarpnt   «jhanP  hpromp^s   nval     will  pa»»e»  through  the  atmosphere,  and  those  more 

ine    apparent  snape  necomes   OVai,   WIU  distant  from  it  are  continually  longer  as  the  dls- 

Contmually  vary   in    dinerent  conditions  tance  Insreoses.    The  abs^orption  of  light  therefore 

of  the    atmosphere.      At   greater   eleva-  J«  least  iu  the  lenith,  and  continually  greater  as 

..                         ,  *                ..i  1        XT     4.    •  the  seulth  distance  Increases,  or  the  altitude  dl- 

tlOnS  no  such   perceptible   enect   is  pro-  miniHhes  >    and  a  heavenly  body  will,  although 

duced,  for  there   the   refraction   itself  is  "ot  v^nr  observably,  except  within  a  moderate 

small,  and  its  variation  also  slow.    For  SXve'the  horizon.""'  *""  ^"^^^"^^  '^'  ^^^^"  *' 

instance,   at  the   altitude  of  about   45°,  The  rays  of  light  are  capable  of  reflccUon,  as 

the   refraction    is    only    about   57",   and  weU  as  of  refraction  or  absorption.    Thus,  if,  in 

.1               ...            e  nni    '         ii'A    J               ij  figure  10,  C  /  represents  the  course  of  a  ray  pro- 

the    vanation    of  32'    in    altitude   would  ceedlug  from  a  body  depressed  lower  below  the 

■  horizon  than  the  line  /  jt,  the  ray  may  meet  a  par- 

•  [In  strictness,  the  horizontal  diameter  will  be  tide  of  air  at  f,  and  be  In  part  reflected  by  it ;  and 

a  very  little  diminished :  for  the  extreme  points  of  if  the  angle  C  ^O  be  equal  to  the  angle  made  by  the 

the  sun  being  raised  In  vertical  circles,  which  con-  direction   of  t'V,  at  the  point  t,  with  the  line  t  O, 

verge  lo  the /.onlth,  they  will  be  brought  nearer  to  the  course  of  the  ray  C  f  after  reflection  will   be 

each  olherby  reason  of  that  convergence.  The  con-  the  same  as  that  of  the  ray  S  t,  after  refraction  : 

vergence   however  is  exceedingly  small,  the  clr-  or  it  will  come  to  the  eye  of  a  spectntur  at  T.     It 

cles  being  only  about  half  a  decree  apart,  and  the  wlU  not,  being  reflected  only  trom  a  single  point, 

tltuatiou  of  the  points  raised  by  refraction  being  and  a  small  part  only  of  the  light  being  reflected 

nearly  90°  from  the  zenith.]  at  all,  produce  an  image  of  the  body  C :  but  though 
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lions.    Thu9»  if  in  figure  11,  A  and  B 
represent  the  stations  of  two  observers, 

•4x 


no  dbtinct  image  is  formed,  light  will  be  trans- 
mitted to  the  eye. 

Hiis  however  is  not  the  only,  nor  the  principal 
way  In  which  light  proceeds  to  the  eye  from  a  body 
depressed  too  far  below  the  horizon  for  it  to  appear 
upon  or  al>ove  it  by  the  effect  of  refraction.  Light 
falls  upon  different  particles  of  air  presented  to  it 
In  different  sitaations,  and  under  different  circum- 
stances, and  is  reflected  in  consequence,  and  dis- 
Sersed  through  the  atmosphere  in  a  variety  of 
irections.  It  is  indeed  this  dispersion  which 
occasions  that  general  diffusion  of  lli^ht  through 
the  air  to  which  we  owe  almost  all  our  opportu- 
nities of  sight,  and  without  which  nothing  would 
be  Tiffible  except  the  luminary  itself,  and  those 
objects  so  situated  with  respect  to  it,  as  exactly  to 
reflect  to  the  eye  rays  proceeding  from  It.  Without 
this  dispersion  we  should  see  the  sun  at  noon*day 
as  a  brilliant  object  surrounded  by  intense  dark- 
ness }  and  its  wide  range  cannot  be  better  exem- 
plified than  by  its  making  the  whole  vault  of  the 
sky  risible,  nor  its  variations  in  degree  better  than 
by  the  strong  irradiation  which  pervades  those 
parts  of  the  sky  near  the  sun,  as  compared  with  the 
mild  blue  of  those  more  distant  from  that  body. 
Rays  thus  dispersed  may  be  successively  reflected 
from  one  particle  of  air  to  another,  and  finally  to 
the  eye }  and  as  there  Is  nothing  to  determine  the 
•itoation  of  the  different  particles  with  respect  to 
the  rays  which  fall  on  them,  their  reflections  may 
take  place  in  any  possible  direction  }  and  there  is 
io  consequence  uo  impossibility  that  a  ray,  once 
entering  the  atmosphere  at  any  point  whatever, 
may  be  thus  transmitted  to  the  eye  of  an  observer 
situated  anywhere  soever  on  the  earth.  Where- 
crer  the  sun  may  be,  his  rays  fall  on  some  part  of 
the  atmosphere  and  enter  it :  however  far  therefore 
he  may  be  below  the  borlion,  it  is  not  impossible 
that  some  light  may  be  transmitted  from  him  to  the 
eye,  and  it  is  even  probable  that  some  always  is  so. 
The  quantity  of  light  thus  received  however 
will  necessarily  continually  decrease  as  the  sun 
sinks  lower  below  the  horizon.  A  greater  number 
of  reflections  will  be  necessary  to  transmit  the 
light  to  the  eye  at  all }  and  thus  not  only  the  iig^t 
of  a  single  ray  will  be  feebler,  but,  a  greater  com- 
pHcatlon  of  circumstances  being  necessary  tu 
transmit  a  ray  accurately  to  the  eye,  a  smaller 
onmbcr  will  arrive  there.  Altogether  therefore 
M  Iht  vui  siiiks  lower  below  the  horison,  the  light 


each  observing  the  same  body  X,  and 
A  B  E  be  a  line  drawn  through  A  and  B 

received  from  him  is  diminished  ;  and  we  do  ob- 
serve correspondingly,  that  the  light  of  day  gra- 
dually fades  away  after  sunset,  or  gradually  in- 
creases before  sunrise,  and  that  there  is  a  consi- 
derable Interval  between  these  periods  and  that  at 
which  the  darkness  is  complete,  or  as  nearly  so  as 
we  ever  observe  It.  This  Interval  is  called  twi- 
light :  it  Is  generally  considered  to  last  till  the  sun  is 
1^  below  the  horizon,  as  it  has  been  thought  that 
the  greatest  observed  darkness  does  not  exist  when 
he  is  less  depressed.  An  element  of  this  kind 
however,  which  depends  on  no  principle  of  sci- 
ence, does  not  admit  of  any  very  accurate  deter- 
mination; it  in  fact  differs  in  some  degree  In 
different  climates ;  and  the  depressions  assigned  by 
different  writers  have  accordingly  been  various. 

The  duration  of  twilight  is  different  at  different 
places  of  the  earth's  surface,  and  at  different  sea- 
sons of  the  year  at  the  same  place.  It  is  least  at 
tho9e  parts  of  the  earth  where  the  pole  of  the 
heavens  is  in  the  horizon  ;  for  there  all  the  circles 
of  daily  rotation  (their  planes  being  always  per- 

f>endicular  to  the  line  joining  the  poles,  and  that 
ine  being  then  in  the  horizon)  are  perpendicular 
to  the  horizon,  and  there  is  an  end  of  twilight 
therefore,  as  soon  as  the  sun  has  performed  so 
much  of  his  daily  rotation  as  is  equal  in  space  to 
18°  of  a  great  circle.  Thus,  when  he  is  in  the 
equator,  18°  of  his  course  are  themselves  18"  of 
a  great  circle,  and  the  twilight  ends  when  he 
lias  described  18°  of  bis  course  after  sinking  lie- 
low  the  horizon,  or  it  is  of  Ih  12™  duration : 
when  he  is  at  either  of  the  tropics,  18°  of  his  circle 
of  daily  rotation  are  equal  to  little  more  than  i6|° 
of  a  great  circle,  and  it  takes  upwards  of  19|°  of 
his  dally  course  to  be  equal  in  space  to  18°  of  a 
great  circle  ;  or  the  duration  of  twilight  is  some- 
what more  than  l,b  IS^.  Again,  where  the  heavenly 
pole  is  in  the  zenith,  as  there  i9  but  one  night, 
(p.  27)  there  are  but  two  twilights  in  the  year. 
At  the  North  Pole  there  is  nignt  as  long  as  the 
sun's  declination  is  South  }  but  whenever  it  docs 
not  exceed  18°  South,  the  sun  is  never  more  than 
18°  below  the  horizon  ;  or  whenever  this  is  the 
case  there  is  twilight.  From  the  autumnal  equinox 
then,  when  the  sun  sinks  below  the  horizon,  till 
November  12th,  when  he  attains  the  South  decli- 
nation of  18°,  there  is  continual  twilight ;  then 
night  unrelieved  by  twilight  until  January  2Uth, 
when  he  returns  to  the  declination  of  18°  South  ; 
and  then  again  continual  twilight  until  the  vernal 
equinox,  when  he  rises  above  the  horizon,  and 
makes  the  day  of  half-a-year.  In  intermediate 
points  of  the  earth,  the  considerations  regulating 
twilight  are  more  complicated.  When  the  pole  is 
elevated  above  the  horizon,  but  not  in  the  zenith, 
the  circles  of  daily  rotation  are  oblique  to  the 
horizon,  and  cut  it  at  different  angles,  and  pioceed 
below  it  in  different  directions,  as  they  cut  it  at 
different  points.  The  duration  of  twilight  depends 
on  the  time  at  which  the  sun  is  18°  of  a  vertical 
circle  below  the  horizon}  and  the  actual  space 
which  it  is  necessary  for  him  to  describe  that  he 
may  be  thus  far  depressed,  will  evidently  be  greater 
the  less  rapidly  he  rinks  below  the  horizon.  Be- 
sides, the  number  of  degrees  of  his  diunial  circle, 
comprlBed  in  a  given  space  of  the  heaven£<,  will 
increase  as  his  diurnal  circle  diminishes  in  magni- 
tude ;  and  on  this  account  also,  the  length  ot  twi-  , 
light  will  be  different  at  different  times  at  the  same 
place.  It  will  also  be  different  at  the  same  time 
at  different  places ;  for  the  circles  of  diurnni  rota- 
tion will  cut  the  horizon  at  different  angles,  as  the 
pole  is  more  or  less  elevated  above  the  horizon. 

At  London  the  North  Pole  Is  elevated  51 1°  ubovo 
the  horizon  :  the  point,  therefore,  which  is  on  the 
meridian  18°  below  the  North  point  of  the  horizon, 
is  69^°  distant  from  the  North  Pole,  and  therefore 
has  20i°  of  North  declination,  and  is  of  course  the 
lowest  point  of  the  parallel  circle  of  that  declina- 
tion, or  of  the  circle  of  diurnal  rotation  which  the 
sun  describes  when  his  declination  is  2Ui°  North. 
At  this  time  therefore,  or  on  the  22d  day  of  May,  he 
never  sinks  more  than  19°  below  ihft\iQTVt^w,Qt>3GA.\« 
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in  tlie  plane  passing  throu(i:h  A,  B,  and  to  refer  the  apparent  place  of  the  bod? 
X,  so  as  to  furnish  a  standard  to  which  X,  it  is  obvious  that  tne  angles  X  A  E, 
X  B  E,  made  with  the  line  by  the  body*i 

It  twilight  for  the  whole  period  from  sun«ct  to  «un-  „«_„,^_i.      ju-»«*;a«      a»A    /flfpAMkMf     ;« 

ri«;a5dihi«coiitinuMtobetheca«.a*iongaihis  apparent    diTCction,   are   ditTcrent    in 

North  Ueclinatlun  continues  greater  than,  or  equal  the  twO  instanCCS.      In  the   Same   man- 

to  l>Oi^,  or  from  May  'J2d  to  July  21st.    From  that  ^.p.    :f  p  ..^  r\  nmrp^pnt  thp  nlimps  Af 

time,  he  Hinks  farther  than  18"  below  the  horlson ,  J}f^»  "  ^  *"^  ^  rcpreSCni  Uie  piaCCS  01 

at  lirst  for  a  very  short  period,  so  that  as  he  then  the  tWO  ODSerVCrS,  SUppOSCQ  nOW  mOre 

■eU  a  lltUe  before  eight  o'clock,  and  the  tvrlilKht  distant  from  the  oUcct,  and  C  D  F  bC  a 

docs  not  end  till  he  attains  very  nearly  to  his  i.    .    j«„.„„     :„    4U«     0^.^^    •««.it«aw    «. 

greatest  depression,  or  till  very  near  midnight,  the  "nc  drawn   m  the    same  manner  as 

durdllon  of  twillKM  is  nearly  four  hours  in  the  ABE  before,  the  angles  X  C  F,  XD  F, 

S^m!.%  bX^r;;rt«."'Vom  .U°.im.l£:  made  with  thU  llne  by  the  body-sappa. 

length  of  twiiiKhtcontinaaiiydiminishes  till  about  rent  direction,  are  aG:am  Qitierent  from 

three  weeks  after  the  auturanul  equinox,  when  it  (jadi  other.     The  diifcrcnCC  between  thC 

attains  it«  least  value,  which  in  about  l>i5Uin ;  it  . 1   ^     •       ;^   ««^i,  ^«„^     «u«   ««.«i«, 

then  increases  again  till  the  winter  i^oWtlce.  when  tWO  angles,  18,  m  Cach  CasC,   the  angle 

it  is    'Jhrin;    then    a^ain    diminishes  till  about  AXB,     Or    C  X  D,    SUbtendcd    by    the 

three  weeks  before  the  vernal  equinox,  when  the  fi;«f«n«n  hptwoon  thp  dIhcps  of  the  two 

sun  boiiw  lutain  at  the  same  declination  ai  at  the  aiS»ante  DCTWC  cn  inc  piHCes  OI  me  TWO 


the  whole  iii{;>'t.    llie  variations  will  be  similar  at  interior    and    OppOSitC    angles,  X  B  E  = 

other  r.laccH,  but  the  pcriod-i  at  which  the  twilight  VATJ-AYR'    ni-YTIl?— YAW  /iVio 

continues  during  th-  wholr  night,  and  at  which  it  ^.J^  '^  ^"^  "V.    ./    Or  A  B  ^-^  7^  A  ^.  VM 

is  shorte^t.  and  the  actual  len/th  of  its  duration,  diiicrence  of  the  apparent  directions) 

,will  be  dlrterent  at  every  different   latitude  ^  =   A  X  B.        In    the    SamC    manner,    in 

earth.    \\  hen  the  latitude  Is  less  than  •k'i  ,  or  the  ..  ..  -v' rt  c*         v /^  "D     /^«u* 

pole  iH  less  elevatfil  above  the  hori/on  thon  Jj'i^  "18    Other    Case,     \Ur  — ^yj^    (^"® 

there  will  be  no  period  during  the  year  at  which  ditfcroncC   Of  thC  apparent  pOsitions)  = 

Uic  twilight  will  Ijwt  durini?  the  whole  night  j  for  pyn    Tt  ic  PviHiMit  pvnn  from  insnPGtinn 

In  these  cases  the  distance  from  the  pole  of  a  point  ^-^i^-  mS  CViaLlll,  CVCn  irom  mspeciion 

in  the  meridian,  IHMielowtliehorixon.  will  be  less  of  the  figure,  W her C  the  CirCUmstanCCS 

Jk''" /?.'.t^♦l!"'*  J*'*/^^""?.""?,  *^'"!?^''  p''"''^';  of  the  two  cases,  except  as  to  the  dis- 

than  l:.»i"-,  the  great  ciit  declination  of  the  sun  ;  and  .  ^  <ii_i"v  !•• 

the  sun  consequently,  when  on  the  meridian  below  tanCC  IrOin  the  tKKly  A,  are  nearly  Simi- 

the  pole,  will  be  more  than  ib*^"  below  the  horizon.  Jar,  that  this  angle  is  larger  in  the  case 

Tlie  duration  assigned  to   twlliifht  may  seem        v  .1      .vn^UjonQ  A    R    whirh  are  npnrpr 
longer  to  many  rewlern  Ihim  they  would  expect  to      ^^  "J®  pOSlIlOns  il.,  iJ,   >*nicn  are  nearer 

find  it;  andthey  may  be  surprised  at  learning  that  tO  X,   than  in  that  01    C,  D,    Whlch  are 

it  iH  not  shortest  in  the  depth  of  winter.   This  m^re  distant  from  it.      The  manner 

arises  from  iho  popular  u-te  of  the  word  twilight.  ,  •  1  •   i     i.i_  4 

Astronomically  speaking,  It  is*  the  period  during  hOWCVCr   in    WniCfl    the    amOUnt    VariCS 

which  it  is  thought  that  liifiit  conies  perceptibly  deservcs  morc  minutc  Consideration. 

to  the  eye  from  the  sun  below  the  huriron  :  in  t„   4i,_    /»_^i.    »^i„««    u  ;-    «.,,;^«.,4    4Um«. 

common  langua»y...  it  is  the  time  during  whScli  a  ^^   l"^   "^st    plaCC,  it   IS    evident    that 

cuniiiderable  quantity  of  light,  but  decidedly  infe-  the    figlirC   represents    the    wholc   altCF* 

rlor  to  that  of  day,  fo  comes,  a  quantity  sufficient  a\\c\n    nroduced    bv   the   change   of  no- 

to  make  a  marked  difference  l)etwecn  the  appear-  *".""    prO"UCea    uy   llie  cnange  OI   po- 

ancc!*  presented,  and  those  either  of  broad  day,  or  of  SltlOn.  It    represents    the     alteration 

night ;  and  thus  we  hardly  begin  to  call  it  twilight  produced    in  tfic  plane  A  X  B I    and 

till  some  little  time  after  sunset,  and  cea^e  to  think  *         A      II     Y  11  *    ♦  tW 

Hbont  it  as  such,  long  before  all  rays  cease  to  be  *^^     ^*  ■"»   -^»    ^^     *"    pOiniS    in     InlS 

perceptibly  transmitted.    ITiis  period  therefore  is  plane,  the  apparent  direction  of  X   from 

very  much  shorter  than  that  of  aKtronomical  twU  T-jtu     A   nnrt  11    will    he    a    line    in    thiQ 

light,  and  especially  so  In  the  winter,  when  much  "?^"    A  anO  JJ    Will    DC    a    line    in    iniS 

of  the  light  that  would  otherwise  come  to  the  eye,  plane,  and  itS  apparent  pOSltlOn,  a  Or  6, 

and  produce  what  is  commonly  called  twilight,  is  a  poiht  in  it.      In  the  samc  manner, 

lost  and  intercepted  by  a  misty  atmosphere,  and  ^    ii    4.1  _    ^ a. •*.• ^r  "v  ^l. 

the  heavy  clouds  frequent  at  that  season.    The  as-  ^»  »»   *"C   apparent  DOSltlOns   Ot   A  TTOm 

trononiical  twilight  <if  mid-winter  does  not  exceed  C  and  D,    Will    Cach    be    points    in    the  • 

the  shortCfit  astronomical  twilight  by  much  more  r^lnne    nnccincr    throntrh     O    Y      ami    T> 

than  a  quarter  of  an  hour  :  and  these  causes  may  EJ^"®    passing    inrOUgH    l>,  A,    anU   U. 

easily  make  the  difference  between  the  astrono-  The  body  therefore  IS  SCCn  in   the   Same 

ndcal  and  the  popular  twlUeht  vary  by  more  than  plane,   both  from   A  and  B  I    Or,    in  the 

this  (juaul'.ty,  and   if  so,  the  twilight  of  winter  *^av  •     i.i_  t  \    \\.  * 

will  be  called  the  shorter.     On  an  evening  of  very  Other  casC,  in  the  SamC  plane  l)Oth  from 

heavy  cloud  indeed  there  may  be  very  little  per-  C  and  D  :     the   alteration    therefore    Of 

ceptilile  twilight  at  any  season  of  the  year:  so  :*„  oixnow^Mf  •«^»;«:»m  ;»  4Un«-  »i«»a  ;«  tU^ 

many  of  the  rays  reflected  from  the  upper  regions  "^  apparent  pOSltlOn  in  that  plane  IS  the 

of  the  atmosphere,   and  which  would  otherwise  Onlv  alteration  whlch  it  experiences. 

L'^i'^S^y,'*! l'!.*!!J fr^'JI'^n'""'''*?!,"' ^^^\'^ "V*"?*^'        [The  manner  in  which  the  amount  of 

or  reflected  away  from  the  earth,  by  the  clouds  in  ^.•'-        i*        .•  1         - 

the  lower  regions  of  the  air.  this   alteration  vancs  may  beat  once 

It  is  f.bvious  that  the  same  principles  which  pro-  deduced  from  the  first  principles  of  tri- 

ducetwili?ht  by  the  reflection  of  the  sun's  r.ivs  „^«,^.^^4— .         n^    i»    •_  1  r 

would  produce  i  similar  phenomenon,  or  a  lima?  gonometfy.        Confllimg    OUrSClvCS     for 

twllli'.H,  by  the  reflectitin  of  tJjosc  of  the  moon. 

Theli}'hiof  tbal  body  however  is  so  inferior  to  a    clear    nic;ht   ne%'ertheless,  the   sky  begins    to 

that  oflhe  sun,  that  It  never  produces  a  twilight  of  brighten,  especially   in  that  purt  nearest  to  the 

practical  importance  and  utility,  and  the  conse-  moon,  for  some  time  before  she  actually  appears  in 

qucncc  is,  that  it  is  never  spoken  or  thought  of.  On  the  horizon  ;  and  this  la,  lUictly,  a  luuair  tivUigUt. 
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the  future  (o  the  triangle  ABX,  we 
have  these  equations. 

sin.  X  s  sin.  A.  ^^,  and 


sin.  X  =  sin.  B. 


BX 
AB 
AX- 


If,  therefore,  the  distances  A  B  and 
BX  remain  constant,  the  sine  of  the 
ingle  expressing  the  change  of  position 
increases  or  diminishes  in  the  same  pro- 
portion as  the  sine  of  the  angle  made  at 
ihe  position  of  one  observer,  by  the  star 
ind  the  position  of  the  other  observer ; 
f  this  angle  remain  constant,  the  sine  of 
:he  angle  expressing  the  change  of  posi- 
tion increases  with  the  increase  ot  the 
distance  between  the  two  stations,  and 
diminishes  with  the  increase  of  distance 
of  the  body  itself.  Thus,  in  the  figure 
as  drawn,  the  distances  A  B,  C  D,  and 
the  angles  ABX,  CDX,  are  equal; 
the  sine  of  the  angle  AX  B,  therefore, 
must  exceed  that  of  the  angle  C  X  D  in 

the  proportion  of  -^-rr?  to  -7^ ,  or  of 

CX  to  AX ;  or,  as  the  figure  is  drawn, 
nearly  in  the  proportion  of  2  to  1 ;  and 
if  the  angles  are  neither  of  them  large, 
the  ratio  of  the  angles  themselves  will 
not  be  very  different.  If  the  distance 
AX  or  BX  be  indefinitely  increased, 
while  the  line  A  B  remains  the  same,  it 
is  evident  that  the  sine  of  the  an^le  X, 
or  the  an^le  itself,  or  the  alteration  of 
position,  will  become  indefinitely  small.] 
The  earth  is  a  body  of  large  magni- 
tude; the  distances  therefore  at  which 
different  observers  may  be  placed  from 
each  other  on  its  surface  may  be  very 
great,  and  the  differences  between  the 
apparent  positions  even  of  very  distant 
bodies  may  in  consequence  be  very  con- 
liderable.  It  is  necessary  therefore  to 
have  some  means  of  ascertaining  the 
imount  of  these  differences,  before  we  can 
sompare  observations  made  at  one  place 
nrith  observations  made  at  another.  This 
unount  evidently  varies  for  each  parti- 
cular pair  of  places,  for  it  depends  both 
upon  their  distance,  and  upon  the  direc- 
tion of  the  line  joining  them  with  refer- 
SDce  to  the  body  observed.  The  compu- 
tation therefore  would  be  different  for 
Mich  case,  and  could  not  l3e  made  at  all 
rrithout  knowledge  of  the  distance  of  the 
:wo  places,  and  the  direction  of  one  as 
measured  from  the  other.  These  arc 
xAh  of  them  elements  of  very  difficult 
isoertainment ;  so  that^  if  it  was  neces- 
uuy  to  make  these  computations  in 


every  instance,  it  would  be  almost  im- 
possible to  compare  successfully  the 
multiplicity  of  observations  made  by 
different  observers  at  different  places. 

This  difficulty  however  may  be 
avoided.  The  centre  of  the  earth  is  a 
point  equidistant,  or  nearly  so,  from 
every  point  on  its  surface;  it  is  also 
directly,  or  very  nearly  directly,  below 
every  point  on  its  surface.  An  ob- 
server til  en,  wheresoever  situated,  will 
know  the  direction  of  the  centre  of  the 
earth;  and  its  distance,  even  if  not 
ascertained  exactly,  will  yet  be  the  same, 
or  very  nearly  the  same  for  all.  It  is 
also  through  the  centre  of  the  earth,*  not 
through  the  position  of  any  particular 
observer,  that  we  have  considered  the 
axis  of  the  heavens,  and  all  the  great 
circles  of  the  sphere  to  pass.  On  these 
accounts  it  has  been  agreed  to  regard 
that  as  the  true  place  or  direction  of  a 
heavenly  body,  which  would  be  its  place 
or  direction,  as  seen  by  an  observer 
placed  at  the  centre  of  the  earth,  if  the 
earth  itself  did  not,  by  its  opaqueness, 
intercept  his  vision.  The  apparent  po- 
sition at  any  point  on  the  siurface  of  the 
earth  is  different  from  this,  and  the  dif- 
ference is  called  j9ara//ax,  from  a  Greek 
word,  signifying  a  change  of  position 
of  one  point  with  respect  to  another. 
To  ascertain  therefore  the  true  place 
of  a  body,  that  is  to  say,  its  place  as  if 
viewed  from  the  centre  of  the  earth,  we 
must  correct  its  observed  place,  by 
making  an  allowance  for  the  effect  of 
parallax.  The  manner  in  which  this 
allowance  is  to  be  made,  we  shall  now 
proceed  to  explain. 

For  this  purpose,  ir\  ftg,  12,  let  the 

Fig,  12. 
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circle  represent  the  earth,  supposed  to  parallax  is  the  greatest  possible    TWs 

be  accurately  spherical.  T  the  place  of  greatest  parallax,  as  it  occurs  when  tiie 

an  observer,  O  the  centre  of  the  earth,  body  appears  in  the  horizon,  u  called 

O  T  therefore  will  be  perpendicular  to  the  hortzontal  parallax  of  the  body, 

the  horizon  at  T,  and,  if  produced,  will  The    sine  of   the*  horizontal  pa«Uax 

pass  through  the  zenith ;  or  it  is  a  ver-  tlierefore,  (since  in  this  case,  sin.  Z  T  S  = 
tical  line.     Let  She  the  position  of  any      .     ^.^    ,  .  w     TO  ^    ^, 

heavenly  body,  and  join  TS.  OS.    The  sm.  90^  =  1  is  equal  to  -g^  ,  or  to  the 

t1  O  ""J^Ae^S        a^'veSi'"^  ^^-^  ^f  the  earth,  divided  by  the  dis- 

1  tSL  f^  olTJo  TQO  f«  thP  tance  of  the    body  from  the   earth's 

fence^'b^^wS  J^e^^^^^^^^  centre ;  or.  if  we  caUe  horizontal  pa- 

of  S,  as  seen  from  O  and  from  T.  or,  ^^w^^^  P  sin  P  _         . 
by   the  definition  of  parallax  already  *      *         SO* 

given,    it    is  the  parallax  of  S.     Pa-       y^^  ^ow  proceed  to  point  out  the 

rallax  therefore   takes  place  m  a  ver-  ^Q^g  ^f   ascertaining  the  amount  of 

tical  plane,  and  the  angle  Z  O  S,  the  parallax.    If  P  be  the  horizontal  paral- 

interior   angle  of   the  triangle  TOS.  fax,  or  the  parallax  when  the  apparent 

must  necessarily  be    less  than  ZTS,  je^jth  distance  is  90°,  and  p  theparal- 

the  exterior  angle  of  the  same  triangle,  jax  at  any  other  apparent  zenith  dis- 

or  the  apparent  is  greater  than  the  true  ^ance,  which  we  wUl  call  z ;  then  as  the 

zenith    distance    of    the   object.     The  ^[^q  ^f  the  parallax  for  the  same  body 

body  therefore  is  lowered  by  the  effect  varies  as  the  sine  of  the  apparent  zenith 

of    parallax.      Parallax  therefore,  like  distance 

refraction,  acts  entirely  in    a  vertical  .     _  .  ^-    p  . .  «:„  ^  .  sin  ono  or  1 

direction;   but,  while  refraction  raises,        ^^"'^  •  **^   .--p";.:  •  s*"'^"  »  ^^  *' 

parallax  lowers  the   apparent  place  of  if  J^'a^S*^  are'Lth  ve^^^ 
he  object;    and  i hey  m  some  degree        1  ^    case^with   all  the 

tend  to  counteract  each  other.  t:         \    ,_ ,.  „  „.    .,     ^  „„  ,  „•    p  _ 

[The  next  object  is  to  ascertain  how  ^,^^^'^*"^y  ^^°^^P»  ^'^^  7.  P;  t?^  "^^jL 

parallax  varies  in  different  situations  of  ^'^  "^'^  "^^''^y-     ^^  ^^^  supposiUon. 

the  same  body.  therefore,©  =  P.  sin. z.  and  P  =  -r^.] 

TO  sm.r 

sin.  T  S  O  =  sin.  S  T  O  -g-^:  or  jf  therefore  we  can  find  the  parallax 

«.;»»»«;»  QTn    «:«  "ZTQ  at  any  apparent  altitude,  we  .can  find 

sincesin.  o  1  U  =  sin.  Zi  1 8  *i      »_ "^  •      i  i  n       r    •«.:««.« 

jQ  the  horizontal  parallax  from  it;  if  we 

sin.  T  S  O  =  sin.  Z  T  S  -—p-.  can  find  the  horizontal  parallax,  we  <»n 

S  O  ascertain  that  for  every  other  zenith  dis- 

Now.  in  the  case  of  the  same  body,  if  tance.     The  parallax  depending  merely 

it  continue  always  at  the  same  distance  on  the  zenith  distance,  it  is  ditferent  in 

from  the  centre  of  the  earth.  S  ()  is  al-  the  same  body  at  different  periods  of  its 

ways  of  the  same  value ;  and  T  O  is  diurnal  course,  and  has  a  course  of  va- 

always,  in  all  cases,  the  same  line.    For  nation  comprised  within  the  compass 

the  same,  body  therefore,  sin.  T  S  O  x  of  a  day.     It  is  therefore  called  also  the 

sin.  Z  T  S,  or  the  sine  of  the  parallax  va-  diurnal  parallax,  to  di-stinguish  it  from 

riesasthosineof  the  apparent  zenith  dis-  another  element  of  the    same  nature, 

lance.  When  a  bod v  appears  in  the  zenith,  which  we  shall  hereafter  explain  unda 

the  apparent  zenith  distance  is  nothing;  the  title  of  annual  parallax.      For  the 

its  sine  therefore,  and  conspcjuently  the  present,  by  parallax  we  mean  diurnal 

sine  of  the  parallax  is  nothing,  or  the  parallax  only. 

parallax  itself  is  nothing;  a  conclusion  .  Many  methods  have  been  proposed 
which  is  obviously  true,  for  observers  at  for  determining  the  amount  of  parallax. 
T  and  O  would  each  see  a  body  at  Z,  in  some  of  considerable  labour,  and  re- 
Ihe  same  direction  O  TZ.  The  sine  of  quiring  observations  made  at  distant 
an  angle  continually  increases  as  the  places,  flxcept  in  the  case  of  the  moon, 
angle  itself  does  so,  until  it  reaches  the  the  amount  of  parallax  is  in  all  cases 
value  of  OO'^;  the  greater  therefore  the  exceedingly  small,  and  therefore  re- 
apparent  zenith  distance,  or  the  less  the  quires  the  utmost  accuracy  in  its  ascei^ 
apparent  altitude,  of  a  body,  the  greater  tainraent ;  so  that  most  of  the  methods 
is  the  parallax,  until  the  apparent  zenith  suggested  are  insufficient,  and  it  cannot 
distance  becomes  90^,  or  the  body  ap-  be  satisfactorily  ascertained,  except  on 
pears  in    the  homoxi,  and  then  the    the  occurrence  of  pheoomena»  which 
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Yery   rarely  happen,    and  cannot   at  especially  as  it  is  applicable  to  the  case 

present  be  explained.    The  parallax  of  of  refraction  as  w^  as  to  that  of  pa- 

the  moon  however  may  be  correctly  rallax. 

estimated  by  observations  made  at  a  In  Jig,  13,  let  H  QN  represent  the 

single  place ;  and  it  will  be  worth  while  horizon,  H  E  Z  P  N  the  meridian  of  any 

to  explam  the  principle  of  this  method  place,  P  the  pole,  Z  the  zenith  of  that 

without  going  minutely  into  its  details*  place  (both  of  them  necessarily  points 

Rg.  13. 


in  the  meridian),  and  S  the  true  position  parently  at  *,  and  the  observation  of  it 
of  any  heavenly  body.  Let  Z  S  V  be  a  on  the  meridian,  is  the  time  correspond- 
cirde  drawn  from  the  zenith  through  ing  to  the  difference  of  right  ascension 
the  body  to  the  horizon :  it  is  therefore  E  T,  for  it  is  the  time  during  which  the 
a  vertical  circle ;  and  both  refraction  star  is  really  transferred  from  its  true 
and  parallax  will  take  place  in  it.  Omit-  place,  S,  to  the  meridian.  This  time 
ting  for  the  present  all  consideration  of  therefore  may  be  ascertained  by  ob- 
refraction,  parallax  will  depress  the  ap-  serving,  bv  the  clock,  the  difference  of 
parent  place  of  the  body ;  or  some  point  time  which  actually  intervenes  between 
s,  below  S,  wiU  represent  the  apparent  the  two  observations  of  the  star.  The 
place  of  the  bodv.  Let  EQ  be  the  place  s  also  being  observed,  its  right 
equator,  and  draw  from  P,  through  S  and  ascension  may  be  computed,  and 
#,  to  EQ,  great  circles  PST,  P«  ^.  The  thence  the  time  in  which  a  body  really 
right  ascension  of  the  point  T  is  evi-  placed  at « would  be  on  the  meridian  as- 
dently  the  same  as  that  of  the  point  S ;  certained ;  and  the  difference  between 
that  of  /  the  same  as  that  of  s ;  and  if  this  and  the  observed  value  of  the  lime 
E  l>e  the  point  of  the  equator  upon  the  at  which  S  comes  upon  the  ^meridian, 
meridian,  the  difference  of  right  ascen-  will  be  the  difference  m  time  correspond- 
sion  between  E  and  S  is  E  T,  the  dif-  ing  to  the  space  T  ^  in  right  ascension ; 
ference  of  right  ascension  between  E  and  hence  T^  may  be  found,  and  from  it, 
and  « is  E  / ;  quantities  differing  by  T  ^.  by  an  easy  process,  the  value  of  the  pa- 
If  therefore  S  and  xwere  the  true  places  rallax  may  be  deduced.  It  is  obvious 
of  two  different  heavenly  bodies,  they  that,  by  a  similar  process,  the  value  of^ 
would  be  upon  the  meridian  at  different  refraction  may  be  deduced :  the  refrac- 
times,  the  body  at  S  being  upon  the  tion,  however,  raising  the  object,  if  ^ 
meridian  before  or  after  E  by  a  time  cor-  represent  the  apparent  place  of  the  body, 
responding  to  the  differenpe  of  right  as  affected  by  refraction  (now  omitting 
ascension  E  T,  the  body  at  «  by  a  time  parallax),  s'  will  be  above  S,  and  draw- 
corresponding  to  the  difference  of  right  mgP^'i'asP^^  was  drawn  before,  E  f, 
ascension  E  t.  When  the  body  S  re^y  the  difference  of  right  ascension  between 
is  upon  the  meridian,  its  apparent  place  £  and  ^  will  be  less  than  E  T,  the  dif- 
11  also  on  the  meridian,  for  the  me-  ference  of  right  ascension  between  E 
ridianbeing  a  vertical  circle,  the  parallax  and  S,  just  as  in  the  case  of  parallax 
of  a  body  upon  it  takes  place  entirely  in  £  ^  was  greater  than  E  T. 
it.  The  star  S  therefore,  as  soon  as  it  We  have  now  sufficiently  explained 
really  is  upon  the  meridian,  is  seen  there,  the  nature  of  parallax ;  and  the  import- 
though  below  its  true  place ;  or  the  time  ance  of  considering  \\.  lot  W\^  \y\xr^^^  oil 
between  the  observation  of  the  body  ap-  reducing  our  observaXvon^  \o  «j;^^>xi^^^ « 
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is  obvious.    It  is,  however,  necessary  57' 4."  16844,  according:  to  La  Place,  or 

to  observe,  that  if  the   fipjiire  of  the  .951158  of  a  degree.    The  moon's  mean 
earth  is  not  accurately  spherical,  the  57.29578 

distance  TO  will  not  be  exactly  the  distance,  therefore,  is— -^tttt^.  earth'* 
same  for  all  places;   nor  will  the  line  .yaiioo 

TO,  when  produced,  necessarily  pass  radius,  or    60.2379  x  earth' •    radius; 

exactly  through  the  zenith.     All  our  or  very  nearly  60  times j  the  earth's  ra- 

deductions  concerning  parallax  there-  dius.      The  mean  value  of  the  hori- 

fore  would  on  this  supposition,  which  zontal    parallax   of   the  sun    is    only 

we  shall  hereafter  find  to  be  the  more  8."75,    or,  according  to  another  esti- 

nccurate  one,  require  some  qualifica-  mate,  8."81 ;    or,  in  the   former  case, 

tion.    This  qualitication  is  easily  made ;  .  00243    of    a    degree,    in    the    latter 

but  we  need  not  here  enter  into  any  de-  .002447  of  a  degree,  and  the  distance 
toils  ri'spectin/n' it.    So  little  does  the  57.29578 

earth  difTer  iii  figure    from   a  perfect  consequently  will  be  — '  ^  ^  .  earth's 
sphere,  that  we  may  fairly  treat  it  as  •  ^^^-^^ 

one  for  the  purpose  of  explaining  some  radius,  or  23578  times  the  earth's  radius, 
very  important  results  which  may  be  57.29578 

deducwl    from    the    observations    and  if  we  adopt  the  former  value  ;      ' 
theory   of  parallax;   and  we  proceed,  .uu^447 

therefore,  in  the  next  place,  to  detail  earth's  radius,  or  23414  times  the  earth's 

and  explain  them.  radius,  if  we  use  the  latter.    The  dif- 

.From    the    expression    already   de-  ft>rence  of  only  six  hundredth  parts  of 

duced  for  the    horizontal  parallax,  of  a  second  in  the  value  of  the  horizontal 

TO  TO  parallax,  makes  therefore   a  difference 

sin.P  =0-73,  wc  learn  that  SO  = -: — p,  of  164  times  the  length  of  the  earth's 

^*"'  radius  in  the  distance  of  the  sun  from 
or  that  the  distance  of  any  body  from  the  earth  ;  and  we  may  easily  infer  how 
the  centre  of  the  earth  =  the  earth's  ra-  very  minute  is  the  accuracy  necessary 
dius,  divided  by  the  sine  of  the  horizon-  in  the  determination  of  tliis  element, 
tal  parallax  ;  or  the  radius  of  the  earth  It  may  happen  that  the  parallax  of  a 
is  contained  so  many  times  in  the  dis-  licavenly  body  is  too  small  to  be  ob- 
tance  of  the  body,  as  the  sine  of  the  sened;  for  in  theory  it  must  alwavs  ex- 
an^le  of  horizontal  parallax  is  contained  ist.  I^t  us  supix)se,  for  instance,  that  we 
in  the  radius  of  the  circle  on  which  it  is  are  enabled  to  ascertain  by  observation, 
measured.  It  is  found  by  observation,  that  the  diurnal  parallax  of  a  fixed  star 
that  the  horizontal  parallax  of  every  does  not  exceed  .36  of  a  second;  or 
body  which  we  have  occasion  to  observe  rather,  that  it  appears  to  have  no  pa- 
is very  small,  never  much  exceeding  1°,  rallax  whatever,  but  that  we  cannot 
and,  except  in  the  case  of  the  moon,  rely  upon  the  accuracy  of  our  observa« 
falling  very  far  short  of  that  quantity,  tions  beyond  this  point.  It  would  follow 
The  sine  of  the  horizontal  parallax  there-  from  this,  as  .36  of  a  second  is  .0001  of  a 
fore  will  differ  imperceptibly  from  the  degree,  that  the  distance  of  the  object 
parallax  itself.  Now  the  length  of  the  57.29578 
radius  of  a  circle  is  equal  to  the  length  could  not  be  so  small  as  — 'i^HaT' 
of  57  °20578  of  that  circle  very  nearly;  •"""l 
and  we  consequently  have  this  ecpiation,  earth's  radius,  or  as  572957.8  the  earth's 
that  S  O  (the  body's  distance  from  the  radius ;  a  quantity  considerably  exceed- 
1                               57°.29578  i"?  2000  millions  of  miles.     We  shall 

eartli)  =-5-  x  earth's  radius= p hereafter  sec  reasons  for  knowing  tl»t 

the  distance  of  the  nearest  fixed  stars  is 

X  earth  s  raduis.  .  incomparably  greater  than  even  this  vast 

We  will  exemplify,  by  one  or  two  m-  quantity,  and  their  diurnal  parallax  ab- 

stances,  the  use  of  the  equation  above  solutely  imperceptible, 
deduced.    The  horizontal  mirallaxes  of       Another  important  clement  which  we 

the  sun  and  moon  var>':wc  have  already  ^      determine  by  means  of  the  hori- 

seen  that  the  distance  of  the  former  body  zontal  parallax   is  the  actual  radius  of 

is  variable ;  we  shall  hereafter  sec  that  ^^y  heavenly  body,  as  compared  with 

the  distance  of  the  latter  is  yet  more  that  of  the  earth.    The  horizontal  paral- 
so.      We    will    thcrelore     take    their  1 .       j- 

mean  values.    The  mean  value  of  the  ^a^   _   earth's  radius 

horizontal    parallax    of   the   moon  is       *  distance  of  the  body  observed. 
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The   apparent  radius   of  the  body  *  luxne  of  the  earth.    Thus  the  volume  of 

the  body's  radius  ^^®  moon  is  to  that  of  the  earth,  nearly  as 

—                                                   and  "i 

distance  of  the  body  observed'  ^^e  cube  of  rr^tol,  for  that  is  nearly  the 

as  the  denominators  of  each  of  these  '  ^ 

fractions  are  the  same,  proportion  of  their  radii :  or  the  volume 

the  earth's  radius  :  /^  3  V 

the  body's  radius  ::   horizontal  paral-  of  the  moon  =  V,— ^  the  volume  of  the 

lax  :  apparent  radius;  or  the  body's  27 

radius,  =  earth's  radius  earth ;  or  rrprr  times  the  volume  of  the 

apparent  radius  of  the  body        •  \ 

^  the  horizontal  parallax  of  the  body'  earth,  or  nearly  -th  part  of  it.    Simi- 

Thus  the  moon's  mean  horizontal  pa-  larly  the  sun's  radius  being  about  110 

rallax  is  5 74 .""16 844,  or  .951158   of  a  times  that  of  the  earth,  his  volume  is 

de^rree:  her  mean  apparent  radius  (or  the  about  110»,  or  133100  times  the  volume 

half  of  her  mean  apparent  diameter)  is  of  the  earth. 

1533."  8G52,  or  .259407  of  a  degree.  If  there  pass  through  the  centre  of 

259407  *be  earth  a  ,'plane  parallel  to  the  hori- 

and  consequently, her  radius  =  '      .^  zon  of  the  observer,  this  is  called  the 

.vol Ida  rationed  horizon  of  the  observer,  the 

earth's  radius,  or  very  nearly  ^  of  the  f  ^H^  *^oriaon  being  called  his  semible 

^          "'11  horizon.     The  perpendicular  distance 

earth's  radius,  and  their  diameters  are  of  between  these  planes  is  the  earth's  ra- 

course  in  the  same  proportion.    In  the  dius,  and  this,  as  they  are  parallel,  is 

same  manner  as  we  have  stated  the  mean  their  distance  everywhere.     They  will 

horizontal  parallax  of  the  sun  at  8."  75,  therefore  intersect  the  imaginary  sphere 

or  .00243  of  a  degree,  and  as  his  mean  of  the  heavens  in  lines  at  that  perpen- 

apparent  radius  is  16'  1."  6,  or  .26712  of  dicular  distance  from  each  other.    The 

2QJI2  angle  there  subtended  by  that  distance 

a  degree,  his  radius  =  '  ,,.-  •  earth's  is  evidently  equal  to  the  horizontal  pa- 

.UU'^43  rallax  of  the  fixed  stars ;  for  the  lines 

radius,  or  1 1 0  times  the  earth's  radius  subtending  the  angle  in  question  and 

nearly.    The  magnitudes  of  other  bodies,  the  horizonal  parallax  are  equal,  and  are 

whose  parallax  and  apparent  diameters  both  perpendicular  to  the  same   line, 

can  \»  observed,  may  be  ascertained  in  namely,  the  distance  from  the  earth  to  a 

the  same  way.  fixed  star,  which  is  supposed  to  be  a  point 

The  fixed  stars  which  have  no  ob-  in  this  imaginary  sphere.  The  angles  they 
servable  parallax,  have  also  no  appa-  subtend  at  the  extremity  of  this  line  are 
rent  diameter;  that  is  to  say,  in  the  best  consequently  equal.  But  the  horizon- 
ol>servations,  made  with  the  most  power-  tal  parallax  of  a  fixed  star  is  impercepti- 
ful  telescopes,  the  stars  still  retain  the  bly  small :  the  angular  distance  there- 
appearance  which  they  have  to  the  naked  fore  between  these  lines  where  they 
eye,  of  mere  luminous , points.  With  intersect  the  sphere  of  the  heavens  is 
respect  to  them  therefore  we  can  form  imperceptible  from  the  earth ;  or  the 
no  conclusions  of  this  kind.  rational  and  sensible  horizon  appear  to 

We  have  not  yet  however  deduced  all  intersect  the  heavens  in  the  same  line, 

theresults  which  foUow  immediately  from  It  follows  that  the  altitudes  of  heavenly 

the  determination  of  this  important  ele-  bodies,  which  are  observed  with  respect 

ment  of  parallax.    Different  spherical  to  the  sensible  horizon,  are  accurate  also 

bodies  (and  the  earth,  the  sun,  and  the  with  respect  to  the  rational  horizon,  after 

moon  are  so  nearly  spheres,  that  they  they  have  been  corrected  for  parallax, 

may  for  this  purpose  be  treated  as  being  where  it  exists*. 

socn)  have  their  actual  bulk,  or  volume,       ^  .^ ; --■— z — : ; 

;->  ♦!;«  •..^.^•*;^«  ^9  4U«  «.;Ka«  ^f  iU^\»  *  C^°  connexion  with  these  cousiderntions  of 

m  the  proportion  of  the  CUl)eS  of  tneir  parallax,  we  may  menUon  another  circumsUnce 

radii :  we  may  therefore  determine  the  aUo  resaiting  from  the  different  positions  of  a 

nmnnrtinn  of  thp  vnliimp^   of  thpse  dif-  heatenly  body,  with  respect  to  the  horixon.    The 

proponion  OI  Uie  volumes   OI  inese  on-  .pp^^nt  diameter  or  radius  of  every  body  obserred 

ferent  boaies,  whose  apparent  diameters  in  the  heavens  beina  very  small.  it  may  be  consi. 

and   parallaxes  we   have   observed,  and  JfwJ.  at  different  distances,  to  vary  inversely  as 

4.    *^  M     A.\^  1             A  r  AU^  »>..  the  distance.    If,  therefore,  referring  to  fig.  IS,  wo 

estimate  them  also  m  terms   01  the  VO-  take  B  to  represent  U»e  apparent  radius  at  the 

-  centre  of   the   earth,  r,  that    at  the  point   T, 
B:r  :  :  ST  }  SO  : :  ain.  SOT  :  sin.  6TO,  or 

•  See  note,  p.  18.  of  8  T  Z. 
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Section  A.— Of  Nutation  and  Aberra-  observations,  however,  may  be  shoiiljr 

tion — and  general  remarks  on  cor-  stated  here. 

rections.  We  have  already  stated  that  the  pole 
n  ^,  ..  ,  ,  ,  of  the  equator  is  found  to  describe  a 
Besides  the  corrections  already  de-  circle  round  the  pole  of  the  ecliptic  in 
scribed,  there  are  two  others,  called  25368  years.  thuSi  producing  the  pre- 
nutation  and  aberration.  Their  ex-  ceggion  of  the  equinoxes.  On  more  mi- 
istence  is  discovered  by  observation;  ^^^^  investigation  however,  it  appears 
but  It  would  be  impracticable  to  ex-  that  the  place  of  the  pole  of  the  eqliator 
plain  and  account  for  their  existence,  thus  ascertained  differs,  though  slightly, 
wi  hout  assumingthe  possession  of  know-  ^^^  ^^^  ^^^^  ^^^  tj^^  "^^  l^y^  J^ 
ledge  which  we  have  not  yet  airived  at  ^^^  ,  though  never  far  from  the 
The  manner  m  which  they  affect  our  circle  Apposed,  does  not  coincide  with 
it,  nor  indeed  with  any  dirole  at  all,  but 

ButSTZ  is  the  apparent  jenith  distance,  or  «,  that  the   true  plaCC    of   the    DOlc  nCVCT 

usiiiK  our  former  notation,  and  S  O  T  i«  tlie  true  ,.^n  J[  %        .    ^.  JT    .  .. 

Benith  distance,  or  the  observed  zenith  distance  Oltiers   more    man    auOUt   »4      Irom  ItS 

diminiHhed  by  parallax,  or  *— p.   We  have,  there-  place  as  before  ascertained.    The  true 

SSi^ilVr  uI;)L;u?i"  S:.7'p'-c:i";,Vn")  place  is  found  to  be  successively  on  all 

=r  lain,  x  —pco».  z),  for /» being  very  Hniall,  Slcles  Of  that  dcdUCCd  OU  the  SUppOSltlOn 

C08.P  =  1.  and  bin. /,  =  p  very  nearly.   But;»  -  p  ^f  j^g  jjeing  affected  by  preccssiou  Only, 

sill*  Zt    Wc  nave  tneretore.  •  ^i  •       •     ii_  •    •      i     ^ 

D  „i«        -  /  .«      D  o5«  . ^  and  they  are  again  m  their  ongmal  si- 

R. ain.  x  =  r  (sin. «— P  ain. ».  COS.  £],  ^      a-      ^  •*!        t-  a  \P^  *i_         *. 

R  tuation  With  reference  to  each  other  at 

**"*"■  1  -  p.  cos.  z  the  expiration  of  a  fixed  period,  a  little 

very  nearly:  a  quantity  which  will  evidently  in-  morc  than  eighteen  years  and  a  half; 

creiwe,  as  co».  x  Increases,  or  the  zenith  distance  ^nd  their    relative    positious   then  again 
diniiiiishcH.    The  aunuretit  radius  and  diameter  xu  i     ai  ^  t     i. 

therefore  increase  as  the  zenith   disUnce  dimi-  gO  thrOUgU  tllC   SamC  Order   Of  Change. 

wishes,  and  are  (greatest  in  the  zenith.  This  general  We  may  therefore  COUSidcr  the  plaCC  Of 

rcbuit  indeed  may  be  at  once  deduced,  although  |u  i^     #  ^i       pnuofor   as   deiprminM) 

not  the  precise  law  of  the  variation,  from  very  "*^  P"^®   ®^  ^"°  Cquaior    as   QeiermmeQ 

simple couMdcratious.    The  triangle  SOT,  wher.  OU   the  Supposition  of  itS  bcmg  affected 

ever  S  be  situated  with  respect  to  the  zenith,  has  l,y  precCSSlOn  Only,    aS  itS  mean  pUuXl 
always,  if  S  be  considered  a*  the  same  body,  the        ^  f  .  iU         •      «. 

two  bides  8  o,  or,  of  Uie  same  value.   The  angle  and,  as  m  many  Other  instances,  we 

SOT  included  between  them  continually  varies,  shall  find  it  more  Convenient  to  ascer- 

and  S  T,  the  ba^ic  of  the  triangle,  will  be  greater  ^    •     ^u     *      ^  nlace  bv  referencp  to  this 

as  that  au»?le  is  greater,  and  less  as  that  angle  is  *»'"  THe  irue  piace  oy  reierence  lO  UUS. 

less.    (,Eu6.  J.  -24,  or  Treat,  on  Geom.  I.  II.)     The  than  independently. 

t»'V"'«w/'"r''*  ^"'"^  *"'"'' My."^\^*' '*'*^"?        A  secondary  to  the  equator  drawn 

S  1  ;  it  therefore  increases  as  that  distance  dimi«  -,  i     i.u  i   *•*•    i  •    «.       •  ii_j 

nibhes,  or  as  the  true  zenith  distance  SOT  dlml-  tlirOUgll  tne  SOlStltial    pOIUtS     18    CalieQ 

ni«i>*?s-  „  the  solstitial  colure :  it  is  perpendicular 

In  the  case  of  the  moon,  where  P  is  about  1,  the  a^  au«  ««i;^*:«  „i„^    „„j   ,»««„«-  «.u-^«-U 

ditlerciue  is  ve.y  ,;crcej,tible;  but  us  it  dep4nds  ^0  the  CCliptlC  alSO,  and   paSSCS  thrOUgh 

on  the  magnitude  of  the  hurizontul  parallax  it  will  the  polcS  of  both   tllCSC    CirclcS.      A  Se- 

evldently  diminish  as  that  quantity  diminibhes.  condarv  to    the   CGUator  drawn  thruuch 

K  ven  in  the  case  of  the  moon  it  does  not  amount  to  ^onuary  lO    uie  cquaiur  urawii  umJU^U 

much  more  than  a  sixUeth  part  of  the  apparent  the     equinoctial      pOintS    IS    Cailed     the 

diameter,  when  the  moon  is  in  the  zenith.    The  eouinoctiol  COluTC  :   it  Jntcrsects  the  SOl- 

bun's  hori/oiital  iKirallax  is  only  ab*mt  1 -400th  of  „?;4;..i   «^i„««,  «*   iU^  «.«,!«  ^^f  ♦!,«,«.,.., «4.*- 

Umtof  the  moon,  and  the  dinirence  between  his  Stltial  COlurC  at   the  polC  Of  the  Cqualor, 

apparent  diameter  in  ditfereut  situations  will  be  and  makes  an  angle  Of  90°  With  it.      The 

dlminibhed  accordiugiy  and  will  obviously  be  too  equinoctial  and  solstitial  poiuts  and  the 

buiall  to  be  noticed.     1  he  same  remark  will  apply        ^,  ...  j-         i^       xi_ 

to  the  other  bodies  which  are  the  subject  of  our  polC     Ot    the    CquatOr   receding    by    the 

observation;  and  the  more  because  their  apparent  precessiou     Of     the     CquinOXCS,      thcse 

diameters  arc  themselves  very  small,  and  any  vari-  pj-^ip-     thpmsplvp^     tnovp      npf*PA«firilr 

ation  of  so  small  a  (luautity  is  of  course  less  ob.  rfT*^^^.   "*enaseives    move    uecessaruj. 

servablc  than  a  similar  variation  in  a  larger  one.  There  IS  a  poiut,  the  nature  of  which  Will 

The  rcbult  which  we  have  obtained  is  therefore  of  Kp  pvnlninpH  in  thp   npvt  rhnntpr    <»aI1p(1 

no  practical  importance  except  with  reference  to  ff  expiaineO  in  ine   nexi  Cnapier,  CUiea 

the  moon.  the  ascending  node  of  the  moon  s  orbit ; 

With  reference  to  the  moon  aUo,  it  is  furUier  this  is  alwayS  a  point  in  the  ecliptic,  but 

necessary  to  remark,  that  her  apparent  diameter,  :♦    u««     „     l«*-rt«^«.j«     •«»4;/>m    ;•«     4ktt4- 

as  obaerved  even  in  the  horizonVdiffers  from  he?  "    haS     a     retrograde     motlOn    in    that 

true  apparent  diameter^  if  we  use  that  term  to  ex-  circlc  of  about  1 U    21'  in  CVCry  year,  and 

press  her  appareirt  diameter  as  it  would  be  seen  tl^^g  rctums    tO   itS   Original  situation  in 
from  the  centre  of  the  earth.    If  we  suppose  the  .....  i.u  •    u*  j 

nioou'sdistancefrom  the  centre  of  the  earth  to  be  a  uttie  more  than  eighteen  years  and 

sixty  times  the  earth's  radius,  the  distance  of  the  a  half.      The  trUC  positiou  of  the  polC  Of 

observer  fromthe  point  where  she  is  in  the  horizon  the  Cquator  depends   OU    the    pO.sSion  Of 

will  be   V^>*^i^  times  that  quantity ;  for  that  dis*  au*  •    t,       ta   •     au        j  *         -L   j        t  ^4. 

tance  is  the  side  of  a  right-angled  triangle,  whose  thlS  pomt.      It  IS  thUS  determined.      Let 

hy])otenuBe  is  sixty  times  that  quantity,  and  whose  P  in  fig,  14  represent  the  mean  position 

aide  is  that  quantity.    For  veijr  nice  purposes  thli  of   the     DOle     Of    the    equator;   A  B  C 

difterence  slight  as  It  Is,  sometimeg  becomes  m»»  ,     '"•"    F^*^/^*     "»v    «.4«»ia/*  ,   a*,  a^  v 

teritti.]  drawn  through  it,  part  of  the  solstitial 
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coiure,  which  if  produced  in  the  di- 
rection ABC  woiiid  pass  through  the 
pole  of  the  ecliptic.  If  a  portion  of  this 
circle,  A  B,  be  tidien,  extending  9"  .648 
on  each  side  of  P,  and  an  ellipse  AdB 
be  described,  of  which  A  B  is  the  trans- 
verse axis,  and  the  semi-minor,  or  semi- 
conjugate  axis  Prf  is  7''.182,  the  true 

Fig.  14. 
C 


position  of  the  pole  will  always  be  a 
point  in  the  circumference  of  that  ellipse. 
Its  exact  position  is  thus  determined. 
When  the  ascending  node  of  the  moon's 
orbit  coincides  with  the  vernal  equinox, 
the  true  position  of  the  pole  is  at  A,  the 
extremity  of  the  transverse  axis  of  the 
ellipse  most  distant  from  the  pole  of  the 
ecliptic.  To  determine  its  position  at 
any  other  time,  a  circle  ADB  must  be 
described  with  the  centre  P,  and  radius 
P  A  or  P  B.  The  ascending  node  of  the 
moon's  orbit  has  a  retrograde  motion : 
take  the  angle  A  P  O,  measured  in  a 
retrograde  direction,  or  from  East  to 
West,  equal  to  the  arc  through  which 
the  node  has  retrograded  from  the 
vernal  equinox,  and  from  O,  the  point 
where  the  radius  P  O  cuts  the  cu-cle, 
draw  O  M  perpendicular  to  the  trans- 
verse axis  of  the  ellipse :  the  point  p, 
where  the  line  O  M  cuts  the  ellipse,  will 
be  the  true  position  of  the  pole.  It  is 
obvious  that  when  the  node  has  retro- 
graded through  90^,  or  coincides  with 
the  winter  solstice,  the  pole  will  be  at 
d,  the  extremity  of  the  conjugate 
axis  of  the  ellipse,  for  the  arc  AD  being 
90^,  the  perpendicular  from  D  coincides 
with  Prf.  When  the  node  has  retro- 
graded through  180^,  or  coincides  with 
the  autumnal  eqiunox,  the  pole  will  be 
at  B,  the  extremity  of  the  transverse 
axis,  which  is  nearest  to  tlie  pole  of  the 
ecliptic  When  the  pole  has  retroeraded 
throu^  270^»  or  coinddes  with   the 


summer  solstice,  its  plskce  will  be  at  ^, 
the  other  extremity  of  the  conjugate 
axis. 

This  variation  of  the  true  from  the 
mean  place  of  the  pole  is  called  nutation, 
as  it  may  be  supposed  to  arise  from  a 
nodding,  or  oscillation  of  the  axis  of  the 
heavens,  of  which  the  pole  is  the  ex- 
tremity, about  its  mean  position;  or 
rather,  as  we  shall  hereafter  see,  it  does 
actually  arise  from  a  similar  motion  of 
the  axis  of  the  earth,  a  hne  of  which  we 
have  as  yet  taken  no  notice.  This  ex- 
planation however  must  be  deferred  to 
a  later  part  of  this  treatise.  The  manner 
in  which  nutation  affects  the  obser- 
vation of  the  stars  will  be  sufficiently 
understood  from  what  has  been  already 
said  about  precession:  of  course  the 
motion  of  the  pole  towards  or  from  any 
particular  star  will  affect  its  right  as- 
cension and  dechnation,  and  as  the 
same  motion  affects  the  position  of  the 
equinox  also,  the  longitude  also  will  be 
altered  by  it :  the  echptic  and  its  pole 
continuing  unmoved,  the  latitude  wiU 
remain  unchanged.  Any  detail  of  the 
precise  manner  in  which  these  elements 
are  affected  by  nutation  is  not  within  the 
scope  of  this  treatise. 

The  nutation  which  we  have  de- 
scril)ed  depends  on  the  position  of  the 
node  of  the  moon's  orbit.  There  is  also 
a  nutation,  exactly  of  the  same  kind, 
which  depends  on  the  position  of  the 
sun.  Its  amount  however  is  so  smaU, 
that  it  could  never  have  been  ascertained 
by  observation  only :  it  is  indicated  by 
theory,  but  a  theory  depending  on  con- 
siderations which  we  have  not  as  yet 
approached.  The  ellipse  by  which  the 
place  of  the  pole,  as  affected  by  this 
nutation,  may  be  determined,  has  its 
semi-transverse  axis  only  of  0. "43 5,  and 
its  semi-conjugate  axis  only  of  0."399  ; 
and  the  an^le  by  which  the  actual  place 
of  the  pole  is  determined,  is  to  be  taken 
eoual  to  twice  the  sun's  longitude. 
When  the  sun's  longitude  is  180°,  that 
angle  is  360° ;  or  the  point  P  has  gone 
quite  round  the  circle  :  and  this  nu- 
tation therefore  goes  through  all  its 
values  in  the  course  of  half  a  revolution 
of  the  sun. 

There  is  one  important  observation  to 
be  made  before  we  quit  the  subject  of 
nutation.  We  have  hitherto  considered 
the  obliquity  of  .the  ecliptic,  or  the  in- 
clination of  the  equator  to  that  circle, 
to  be  always  the  same.  This  inclination 
is  measured  by  the  di&tance  between 
their  poles ;  and  precession,  although  it 
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changes  the  place  of  the  pole  of  the 
equator,  leaves  its  distance  from  the  pole 
of  the  ecliptic  unaltered ;  but  nutation 
changes  it.  The  mean  place  of  the  pole, 
P,  remaining  at  the  distance  of  what  we 
must  now  call  the  mean  obliquity  from 
the  pole  of  the  ecliptic,  the  true  place  of 
the  pole  of  the  equator,  when  the  as- 
cendmg  node  of  the  moon*s  orbit  coin- 
cides with  the  vernal  equinox,  is  more 
distant  from  the  pole  of  the  ecliptic,  by 
the  space  PA,  or  9".648,  and  the  ob- 
liquity is  therefore  increased  by  that 
amount ;  and  in  the  same  manner,  when 
the  ascending  node  of  the  moon's  orbit 
coincides  with  the  autumnal  equinox,  the 
pole  of  the  equator  is  at  B,  and  the 
obliquity  is  diminished  by  the  same 
amount,  PB,  or  9''.648.  In  other  po- 
sitions there  will  be  corresponding  al- 
terations; and  the  nutation  which 
depends  on  the  position  of  the  sun  will 
of  course  produce  effects  similar  in 
their  nature,  but  less  in  amount. 

The  remaining  correction,  aberra- 
tion, will  be  fuQy  discussed  and  ex- 
plained hereafter.  Like  refraction,  it 
makes  the  apparent  place  of  a  star  dif- 
ferent from  its  true  place ;  and  it  pre« 
vents  us,  except  in  the  case  of  stars 
situated  in  the  ecliptic,  from  ever  seeing 
a  heavenly  body  exactly  in  its  true  posi- 
tion or  direction.  All  its  effects  are 
produced  in  the  course  of  a  year,  and 
they  are  different  from  every  different 
heavenly  body,  though  they  follow  one 
law  applicable  to  all.  That  law  may  be 
vejy  shortly  stated.     In /ig»  15,  let  S 

Fig.  15. 


represent  'the  true  position  of  any 
heavenly  body,  and  let  A  S  B  be  a  por- 
tion of  a  circle  of  latitude  (a  secondary 
to  the  ecliptic)  passing  through  it.  The 
apparent  place  of  the  star  will  always 
be  a  point  m  an  ellipse  of  which  the  true 
place  of  the  star,  S,  is  the  centre,  and 
the  conjugate  axis  is  in  the  line  A  B  ; 
the  transverse  axis  of  course  is  in 
the  line  C  D  perpendicular  to  it.    If 


A  C  B  D,  represent  this  ellipse,  S  C,  the 
semi-transverse  axis,  is  m  all'  cases 
20".246  of  a  great  circle.  The  semi- 
conjugate  axis  S  A  is  to  the  semi- 
transverse  axis  SO,  in  the  proportion 
of  the  sine  of  the  star's  latitude  to  the 
sine  of  90^,  or  the  radius.  The  ellipse 
therefore  in  which  each  star  is  to  be 
found,  is  easily  constructed.  The  ap- 
parent place  at  any  particular  time  is 
very  nearly  found  by  drawing  an  arc  of 
a  i^eat  circle  through  the  star  to  the 
point  of  the  ecliptic  which  is  90°  behind 
the  place  of  the  sun  at  the  time :  the 
intersection  of  this  line  with  the  ellipse 
described  as  before  pointed  out,  is  the 
apparent  place  of  the  star  at  the  time 
of  observation.  We  shall  hereafter  enter 
into  further  details  with  respect  to 
aberration,  and  deduce  from  it  some 
very  important  consequences:  for  the 
present  this  description  of  it  will  be 
sufficient. 

We  find  then  that  we  have  no  less 
than  five  corrections,  as  they  are  called, 
toapply  to  the  place  of  a  heavenly  body, 
as  immediately  observed,  before  we  can 
tell  its  true  place :  corrections  for  pre- 
cession and  nutation,  which  are  rather 
the  alteration  of  the  language  in  which 
an  observation  is  originally  expressed, 
to  make  it  correspond  accurately  with 
the  language  of  a  different  period,  than 
corrections  of  any  real  inaccuracy; 
corrections  for  aberration  and  refraction, 
to  ascertain  from  the  apparent  situation 
of  the  star  the  real  direction  in  which  it 
is  with  respect  to^the  observer;  and  a 
correction  for  diurnal  parallax,  which 
need  not  be  applied  in  the  case  of  the 
fixed  stars,  to  deduce  from  the  real  di- 
rection with  respect  to  the  observer 
the  true  position  as  estimated  with  re- 
spect to  the  centre  of  the  earth. 

It  will  probably  occur  to  the  reader 
that  there  is  a  want  of  strict  accuracy 
of  reasoning  in  the  processes  which 
we  have  explained  for  ascertaining  the 
amount  of  these  corrections,  and  even 
the  nature  of  some  of  them ;  because 
in  estimating  the  one,  we  have  not 
taken  the  others  into  consideration. 
For  instance,  taking  the  method  ex- 
plained in  page  59,  of  determining 
Earallax  and  refraction,  we  have  shewn 
ow  the  parallax  would  affect  the  value 
of  E  /,  as  compared  with  E  T,  on  the 
supposition  that  *  was  the  apparent  place 
of  the  body,  depressed  by  parallax 
below  its  true  place  S :  and  in  the  same 
manner  we  have  shewn  the  effect  of  re- 
fraction, by  supposing  ^  to  be  the  ap« 
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parent  place  *of  the  bod v,  nused  by  re-  the  real  refraction  would  be  greater  than 
mction  above  S.  If  both  refraction  that  thus  computed,  by  the  amount  of 
and  parallax  operate,  it  is  obvious  that  that  parallax ;  for  the  observed  place 
the  apparent  place  of  the  body  will  be  would  be  above  the  true  one,  by  the 
somewhere  l)etween  i  and  s*,  and  the  amount,  not  of  the  whole  refraction,  but 
same  mode  of  proceeding  will  not  give  of  the  refraction  diminished  by  the  pa- 
ns the  effect  of  parallax  or  refraction,  rallax.  To  see  whether  this  is  so,  we 
but  the  combined  effect  of  both.  We  may  resort  to  observations  of  Uie  moon, 
know  however  from  independent  con-  whose  parallax  is  considerable.  The 
siderations,  at  least  very  nearly,  the  amount  of  refraction  bein^  very  nearly, 
manner  in  which  each  of  these  elements  if  not  accurately,  ascertained,  the  ap- 
Taries  with  the  height  of  the  body  above  parent  zenith  distance  may  be  corrected 
the  horizon ;  and  we  can  form  ^  tolerably  from  the  error  occasioned  by  refraction, 
near,  though  by  no  means  a  sufficient  or  a  very  near  estimate  made  of  the 
Mtimate,  of  the  amount  of  each  at  a  par-  angle  ZxS,  (in  Jig.  12.)  although  our 
ticular  height.  We  can  tell  that  the  observations  are  themselves  affected  by 
amount  of  parallax  of  a  fixed  star  must  refraction,  and  therefore  do  not  im- 
be  very  small  indeed,  l)efore  we  can  ven-  mediately  give  that  angle.  fVom 
ture  to  say  that  it  is  absolutely  too  small  these  observations  the  amount  of  paral- 
to  be  at  all  estimated:  for  we  know  from  lax  may  be  computed.  If  it  does  not 
other  considerations,  that  the  refrac-  vary  accurately  as  the  sine  of  the  cor- 
tion  varies  very  nearly  as  the  tangent  of  rected  apparent  zenith  distance,  the 
the  apparent  zenith  (ustance,  while  the  angle  Z  T  S,  it  is  evident  that  the  refrac- 
parallax  varies  accurately  as  the  sine  of  tion  has  not  yet  been  rightly  computed, 
the  same  angle,  or  rather  of  the  same  but  that  some  material  parallax  of  the 
angle  increased  by  the  amount  of  the  fixed  stars  is  involved  in'  the  quantity 
refraction,  but  we  find  that  the  com-  which  we  have  assumed  to  vary 
bined  effect  of  the  parallax  and  refrac-  as  the  tangent  of  ;p— 3r:  and  we 
lion  in  the  case  of  the  fixed  stars,  itself  should  obtain  only  an  approximate 
varies  very  nearly  as  the  tangent  of  the  value  for  the  paraUax.  Witn  this  ap- 
apparent  zenith  distance ;  and  we  there-  proximate  value  of  parallax  we  mignt 
fore  conclude,  that  the  parallax  must  however  correct  other  observations  of 
necessarily  be  very  small  in  comparison  the  same  body,  made  under  different 
with  the  refraction.  We  also  find  that  circumstances.  In  these  latter  observa- 
the  difference  between  the  angles  really  tions  therefore  we  should  know,  ap- 
olMerved,  and  those  estimated  on  the  proximately  at  least,  how  far  the  ap- 
supposition  that  this  refraction  varies  as  parent  place  of  the  body  would  be  higher 
the  tanffent  of  the  apparent  zenith  dis-  than  that  actually  observed,  if  it  were 
tanoe,  does  not  itself  follow  the  law  pre-  not  lowered  by  paxallax,  or  what  would 
piously  ascertained  for  the  variation  of  be  the  apparent  place  of  the  body,  if  only 
the  parallax,  or  one  resembling  it ;  and  affected  oy .  refraction ;  and  mm  this 
we  consequently  infer  that  this  differ-  computed  place,  and  the  known  true 
enoe  does  not  principally  proceed  from  place,  as  ascertained  by  the  mode  already 
parallax,  and  that  our  supposition  of  referred  to,  the  amount  of  refraction 
refiraction  vaiying  according  to  the  va-  might  again  be  more  accurately  ascer- 
riation  of  the  tangent  of  the  apparent  tained  than  before,  and  a  new  series 
zenith  distance  is  itself  inaccurate,  al-  of  results  might  be  thus  obtained  and 
though  it  furnishes  an  approximation  to  compared,  so  as  to  furnish  a  new  and 
the  truth.  Knowing  then  that  the  yet  more  accurate  estimate,  if  necessary, 
parallax,  if  any,  is  very  small  in  com-  of  the  mode  in  which  refraction  varies ; 
parison  with  the  refraction,  we  know  and  again,  having  thus  a  more  correct 
that  we  may,  with  little  error,  consider  estimate  of  refraction,  we  might  repeat 
the  whole  effect  as  produced  by  refrac-  our  observations  on  parallax  and  get  a 
tion  only :  and  exanunin^  the  law  of  re-  more  correct  estimate  of  that  element 
fraction  on  this  supposition,  we  find,  (as  also.  And  a  similar  process  might  be 
we  have  already  stated,  in  the  note  to  repeated  alternately,  as  long  as  there 
p.  50,>  that.it  is  more  accurately  repre-  was  any  material,  irregularity  observed, 
■ented  as  varying,  adopting  the  notation  or  any  discordance  between  theory  auid 
fben  used,  as  the  tangent  of  r— 3r.  observation.  In  the  case  of  refiniction 
Still,  if  the  fixed  stars  have  any  ob-  and  parallax,  these  repeated  corrections 
serrable  parallax,  however  small,  it  of  one  class  of  obaecNa.VioTia  Vi  veL^^Ooec 
would  be  indttded  in  this  guaotity,  and  are  $tUe  necessary »  fox  >^  %^S»:X  ^1 
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parallax  on  the  fixed  stars  being  really  have  'niotknui,  all  £ibr«Bt  in  taoiiiitt 
quite  imperceptible,  our  first  observa-  and  many  even  opposite  in  directiaii»  and 
tions  on  refraction  do  not  require  any  only  corresponding  to  each  othor  vvhen 
correction  on  this  account.  We  have  referred  to  a  point  arhitrarilv  chosen  with 
however  Ulustrated  the  manner  in  which  respect  to  them,  and  with  which  they 
Uie  law  of  such  corrections  may  be  ascer-  seem  naturally  to  have  no  more  oonnee- 
tained  by  the  supposition  of  the  neces-  tion  than  with  any  other  point  in  the 
sity  of  pursuing  the  alternate  correction  surface  of  the  heavens.  Besides,  even 
further  than  is  really  necessary  in  this  if  these  appearances  were  to  be  con- 
case,  because  the  simplicity  of  the  nature  sidered  as  corresponding  to  real  motions 
of  these  causes  of  error  and  the  circum-  in  the  stars  themselves,  and  not  to  an 
stance  that  we  know  independently  the  alteration  of  the  point  and  lines  with 
general  principles  which  must  regulate  reference  to  which  they  are  observed,  tlie 
their  variation,  makes  them  furnish  a  importance  of  the  correction  would  not 
simpler  instance  than  otherwise  could  be  diminished;  for  it  would  then  be 
have  been  given  of  the  manner  in  which  ascertained  that  the  stars  had  actually 
such  an  investigation  is  to  be  pursued,  these  motions  with  respect  to  that  point 
and  the  steps  by  which  errors,  in  the  and  those  lines,  and  their  relative  sitaa- 
llrst  instance  inevitable,  are  gradually  tion  therefore  would  stiU  be  altered  in 
to  be  removed.  the  same  manner,  and  our  obaenrations 
Where  the  existence  of  the  correction  would  still  have  to  be  correotcl  on  sc- 
itself,  as  in  the  case  of  precession,  de-  count  of  that  alteration,  althou^  the 
pends  entirely  on  observation,  the  ascer-  name  of  precession  of  the  equinoxes 
tainment  of  its  exact  amount  and  law  is  would  no  longer  be  well  chosen  to  express 
necessarily  more  difficult;  and  the  number  the  cause  of  the  neoessaiy  correction* 
of  alternate  reductions  and  adjustments  But  in  truth,  whenever  we  can  dts- 
necessary  to  ascertain  its  value  and  the  cover  that  all  heavei^y  bodies  are  af- 
effect  of  any  other  source  of  inaccuracv  fected  according  to  a  certain  kno,  that  is 
with  which  it  may  be  complicated,  will  to  say,  in  a  manner  correspondingto  their 
be  greater ;  and  after  all,  until  some  condition  with  reference  to  some  ceitain 
cause  in  nature  is  discovered  which  object,  we  may  fairly  believe  that  the 
will  account  for  the  being  of  such  an  effect  produced  depends  on  their  condi- 
irregularity,  its  existence  may  be  consi-  tion  with  reference  to  it.  Thus  if  it  were 
dered  as  not  completely  established.  The  merely  by  observation  that  we  found  that 
mode  of  ascertaining  its  value  however  parallax  varied  in  all  cases  as  the  sine 
will  be  of  the  same  nature ;  and  its  ex-  of  the  apparent  zenith  distsAoOi  and 
istence  may  be  assumed  as  probable,  if  that  all  bodies,  however  different  the 
we  find  all  the  phenomena  of  the  heavens  absolute  amount  of  their  parallax,  had  its 
corresponding  to  that  suppositioa  Thus,  variations  conformed  to  that  rule^  we 
still  taking  the  case  of  precession,  we  might  fairly  conclude  that  the  amount  of 
have  already  seen  that  upon  the  suppo-  parallax  depended  on  the  amount  of 
sition  of  the  retrofO'ade  motion  ot  the  the  zenith  distance ;  and  in  fact  we 
equator  on  the  ecliptic  by  5 O'M  annually,  know  from  theory  that  it  is  so.  The 
the  apparent  places  of  every  star  in  tlie  same  may  be  said  of  all  the  other  cor- 
heavens  would  be  affected,  but  diffe-  rections  which  have  been  mentioned: 
rently  according  to  the  different  position  refraction,  precession,  nutation,  abem- 
of  each  star ;  and  we  find  that  the  appa-  tion,  all  affect  all  bodies,  however  differ- 
rent  places  of  each  star  do  vary  in  the  ently  in  appearance,  according  to  their 
manner  corresponding  to  that  supposi-  distances  from  certain  points,  lines,  or 
tion,  or  very  nearly  so.  It  is  therefore  objects ;  and  we  therefore  conclude  that 
reasonable  to  ^believe  that  supposition  the  amount  of  these  several  corrections 
true,  even  now,  while  as  yet  we  have  no  dmends  on  these  distances ;  and  that, 
further  grounds  for  thinking  it  so.  It  when  we  discover  their  causes,  we  shall 
is  possible  that  each  star  may  really  find  them  such  as  would  make  the 
have  a  motion  which  exactly  corre-  amount  necessarily,  and  in  its  very  na- 
sponds  to  the  effect  which  would  be  pro-  ture,  correspond  to  these  distances.  We 
duced  on  its  apparent  place  upon  the  shall  hereafter  see  that  it  is  really  so 
supposition  of  this  retrograde  motion  of  with  respect  to  precession,  nutation, 
the  equinoxes,  and  thus  that  the  equinox  and  aberration.  We  already  know  it 
itself  may  be  stationary ;  but  it  is  not  at  with  respect  to  refraction  as  well  as 
all  likely  that  an  almost  incalculable  parallax, 
number  of  bodies  should  each  of  them 
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SmcnoiK  Y.^Om  tk§  proper  mothm  qf  difllerencMofwhiehoaimotbeeiparifMd 
the  Jlxed  Stare.  by  any  ass^nable  law.  Thus  of  two 
Ws  have  yet  a  further  qualification  to  ^f^  situated  very  near  each  other,  one 
gire  to  our  original  statements,  with  will  appear  to  have  no  motion  whatcTer, 
respect  to  the  fixed  and  invariable  post-  the  other  a  motion  Eastward ;  while  a 
tion  of  the  stars.  We  have  already  seen  third,  also  situated  very  nearly  in  the 
that  the  uniform  position  of  which  we  eame  part  of  the  heavens,  may  perhapi 
spoke  mutt  not  be  considered  to  be  that  ^ve  a  motion  directly  Westwani,  or  m 
immediately  observed,  but  only  that  de-  some  other  completely  different  direction. 
duced  from  it,  after  correction  on  all  the  ^^  cannot  refer  these  apparent  mo- 
dilRerent  accounts  we  have  mentioned,  tions  to  any  source  affecting  the  accuracy 
It  is  however  found,  after  this  is  done,  of  our  observations,  for  any  such  would 
that  many  of  the  stars  appear  not  to  affect  all  observations,  and  would  affect 
contmue  exactly  in  the  same  places,  them  in  a  manner,  different  perhaps  in 
but  to  have  a  small  motion  still  un-  ^^^  particular  instance,  but  corre- 
explained  and  unaccounted  for.  In  spending  and  consistent  in  all  We  there* 
this  we  do  not  speak  of  a  small  class  fore  are  reduced  to  the  conclusion  that 
of  heavenly  l)odies,  whose  motions  they  are  produced  by  a  real  motion  in 
are  very  ^reat  and  well  understood,  the  stars  in  cjuestion ;  or  that  some  of 
end  of  which  we  shall  hereafter  treat  those  stars  which  are  called,  in  common 
fblly  under  .the  name  of  j^anets,  but  of  with  those  which  really  have  no  ascer* 
many  of  that  large  class  otbodies,  which,  tainable  motion,  fixed  stars,  have  really 
fVom  the  very  snght  change  which  their  small  continual  motions  of  their  own,  or, 
position  undergoes,  and  the  appear-  as  they  are  called,  proper  motione, 
ence  of  unmovedness  which  ^ey  conse-  These  proper  motions  of  upwards  of 
quently  present,  are  known  by  the  name  ^00  stars,  have  been  ascertained  to  ex* 
of  fixed  stars.  ceed  one-fifth  of  a  second  in  a  year. 
It  is  not  necessary  here  to  detail  all  Many  of  the  more  brilliant  stars  are 
the  precautions  necessary  in  observing  among  those  which  'have  these  |»t>per 
these  variations;  they  are  very  smafi  motions.  We  may  instance  Arcturui, 
hi  amount,  the  greatest  known  not  Sirius,  Castor,  Pollux,  Procyon,  Re- 
being  more  than  A*'  in  the  course  of  gulus,  and  the  first  star,  or  «,  of  the 
a  year,  and  most  of  them  not  exceed-  constellation  of  the  Eagle.  The  proper 
ing,  or  even  equalling,  V  in  that  time,  motion  of  Arcturus  is  such  as  to  dimi* 
It  is  by  the  comparison  of  observa-  msh  his  North  polar  distance,  or  in- 
tions  made  at  distant  period3  that  such  crease  his  declination  b^  nearly  2"  eveiy 
minute  motions  can  be  best  detected.  If  year,  and  to  diminish  his  right  ascension 
thev  accumulate  for  years,  the  aggregate  oy  a  little  more  than  1'^  in  the  same 
vrill  be  so  considerable  that  any  inao-  period.  It  is  evident  that  these  motions 
curacy  in  its  ascertainment  will  bear  but  are  not  to  be  neglected  in  the  use  we 
a  smul  proportion  to  the  total  amount ;  make  of  obsei  vations  connected  with  hie 
and  thus,  if  the  whole  amount  be  dis-  place  *. 

tributed  equally  over  the  whole  space  of  For  this  reason  the  proper  motions  of 

time,  the  rate  of  motion  will  be  ascer-  several  of  the  more  remarkable  stare 

teined,  if   not  with  absolute   correct-  which  have  them  are  inserted  in  astro- 

neM,  yet  with   a  very  near  approach  nomical  tables.    The  proper  motions, 

to  it    It  is  thus  found  that  many  of  being    in    all   directions,    would,    in- 

the  stars  appear  to  have  small  mo-  dependenfly    of    their    difference    in 

tions  which  cannot  be  referred  to  any  amount,  act  differently  in  different  cases, 

of  the  causes  of  variation  which  we  have  upon  the  right  ascension,  declination, 

hitherto  mentioned.    If  any  law  could  &o.  of  the  stars,  increasing  them  in 

be  discovered,  according  to  which  these  >ome  instances,   diminishing  them  in 

motbns  varied  in  each  particdar  case,  others,  and  requiring  in  each  case  to  be 

they  would  onhr  furnish  ground  for  in-  separately   cakmlated    and  estimated, 

trodncing  another  genenu  correction,  to  The    results    of    these    computatk>ne 

be  applied  to  all  stars.     But  this  is  not  however  are  themselves  registered,  or 

found  to  be  the  case:  many,  indeed  far  rather  they  are  generally  combined  with 

the  largest  portion  of  the  stars,  have     T^TZZT'y — :;; ;.„,,,,   , r 

—  ,A  !--„  ^,  T-  «  A^  u      -            u  *  We  !»▼«  already  teen,  (ch.  II.  §  l.)ln§t«n««  of 

nOC  Oeen  round  to   nave  any  such  mo-  the  manoer  in  which  Tariatlona  In  declinatloo  aad 

tion,  and  tiK>Se  which  have  it,  have  rtC>>t  aaccnalan,  arUtng  from  preeeeeloB,  affeet  ob- 
it of  amiMiffiiM  ikfvl  in  <firM»fiAn«  Tkt\t  Anlv  Mr^Attoiia.  Of  coarse  alnilar  Tarialioaa  wUl  d* 
ZiL  ^iSr"^  ana  m  Oiryttons  not  Onqr  «>  in  Uie  aame  manaer  when  they  ttlM  Ma 

tenf  ouniem  In  uunsrew  ceseti  but  the  say  oi^tr  cMte. 
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the  effect!  of  preoession,  under  the  title  sented  by  a  great  drde  of  the  heavens; 
of  the  annual  variation  of  the  particular  or  by  the  intersection  of  a  plane  passing 
•tar  in  question;  so  that  for  all  pur-  through  the  centre  of  the  earth  with  the 
poses  of  practical  utility  the  observer  ima^nary  sphere  of  the  heavens.  Ob- 
may  at  once  refer  to  these  computed  serving  dso  her  apparent  diameter  from 
results,  and  thus,  by  a  single  addi-  time  to  time,  we  nnd  that  this  c6ntinu- 
tion  or  subtraction,  make  the  neces-  ally  increases  during  one,  and  conti* 
sary  correction  for  the  effects  both  of  nually  diminishes  through  another  por- 

S recession  and  of  the  proper  motion  of  tion  of  her  course ;  and  comparing^ 
tie  star  observed.  these  different  observations  with  each 
We  may  now,  for  the  present,  quit  other,  in  the  manner  alreadv  explained 
the  consideration  of  the  stars.  There  in  the  case  of  the  sun,  we  find  that  she 
■re  other  cirumstances  connected  with  also  appears  to  move  in  an  ellipse  about 
them  which  will  hereafter  call  for  exa-  the  earth,  the  earth  being  in  one  of  the 
niination  ;  but  we  have  now  deduced,  foci.  By  observation  of  her  parallax  we 
from  their  general  appearances,  all  that  find  that  her  mean  distance  from  the  earth 
is  necessary  to  fit  us  for  the  consider-  is  about  sixty  times  the  earth*s  radius ; 
ation  of  the  more  complicated  pheno«  the  greatest  distance  of  the  moon  is 
mena  of  the  moon  and  the  planets;  about  sixty-four  times,  and  the  least 
namely,  the  apparent  general  daily  rota-  about  fifty-six  times  the  radius  of  the 
tion  of  the  whole  sphere  of  the  heavens,  earth,  quantities  differing  from  each 
and  the  various  corrections  and  allow-  other  in  the  proportion  of  8  to  7:  a 
ances  which  must  be  made  in  every  case  much  higher  variation  than  that  which 
for  the  purpose  of  deducing  the  true  subsists  in  the  solar  ellipse.  The  great- 
place  from  that  actually  observed.  In  est  apparent  diameter  of  the  moon  is 
meaking  of  the  moon  and  planets,  we  about  33'  31",  the  least  29'  22",  quan- 
£all  always  consider  these  corrections  titles  which  obviously  are  very  nearly  in 
BS  made,  and  take  no  notice  of  them  that  ratio.  We  also  find  that  her 
unless  when  they  incidentally  become  radius  vector,  like  the  sun*s,  describes 
jnaterial  for  the  purpose  of  determining  equal  areas  in  equal  times.  Another 
other  elements,  as,  for  instance,  the  pa-  result  also,  deduced  from  observations 
mllax  in  discovering  the  distance  of  any  similar  to  those  already  mentioned,  is, 
of  these  objects.  For  the  future  there-  that  the  apsides  of  the  moon's  orbit, 
fore,  when  we  speak  of  the  place  of  a  the  two  extremities  of  the  transverse 
heavenly  body,  we  speak  of  its  place  as  axis,  or  her  perigee  and  apogee,  are  not 
it  woiUd  be  observed  and  estimated  by  stationary,  but  move  forw^s  at  the 
an  observer  at  the  centre  of  the  earth  mean  rate  of  40^  40'  32".2  in  every  year, 
at  the  time  of  making  the  observation,  or  complete  a  circuit  of  the  heavens  in 
and  after  correcting  the  observation  from  323 2<*  1 3^  5 6*"  1 6'.8 . 
the  errors  .  occasioned  by  refraction,  >  The  orbit  of  the  moon  is  not  in  the 
aberration,  and  nutation.  same  plane  with  that  of  the  sun,  it  is 
Having  premised  thus  much,  we  pro-  inclined  to  it  at  an  angle  of  little  more 
oeed  to  the  consideration  of  the  lunar  than  5°;  but  this  inclination  (varies :  it 
motions.  never  falls  short  of  5°,  it  sometimes 
Chapter  III.  amounts  to  as  much  as  5°  1 8'.  The  moon 
A.r«««rx»  T      a/fo/.v.^  r*/-  #a1  jlt^^  .-^  ^«  therefore  is  seen  sometimes  to  the  North, 

the  iNodes  and  Jptido  of  her  Orbit  wt^.^  „S!,      ""       i  °^  *  "^''k'* 

It  will  be  unnecessary  to  go  into  any  North  and  to  the  South  of  that  hne. 

detail  of  the  manner  in  which  we  ascer-  The  circles  intersect  each  other  in  only 

tain  the  nature  of  the  moon's  motions ;  two  points ;  and  for  the  whole  space  from 

they  are  found  by  observation  of  her  one  to  the  other,  the  moon  will  either  be 

nlaces  at  different  times,  and  of  her  re-  always  to  the  Noith,  or  always  to  the 

lative  distances  at  those  tunes,  just  in  South  of  the  ecliptic.  The  pointswhere  the 

the  same  manner  as  those  of  the  sun.  moon's  orbit  intersects  the  plane  of  the 

We  thus  find  that  the  moon,  like  the  sun's  orbit  are  called  the  nodes  of  her 

•un,  moves  alternately  from  North  to  orbit ;  that  at  which,  having  been  South 

South,  and  from  South  to  North,  and  of  the  ecliptic,  she  passes  to  the  North- 

continually  from  West  to  East  amongst  ward  of  it,  is  called  the -ascending  node^ 

the  fixed  stars ;  and  we  find  that  her  the  point  which  we    have  mentioned 

track,  aa  well  as  his,  may  be  repre-  in  treating  of  nutation ;  that  at  which. 
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haTing  been  North  of  the  ecliptic,  she  through  360®  in  P>  he^ill  move  through 
passes  to  the  South  of  it,  is  the  descend-  «^^o  i  :„  4U^  * ;^«  .  ^,  t;^  lu^  -^^:^ 
Ingnode:      The  nodes  also  are  found    ^^^  f '  ^'^  ^^  ^"°«  *'  ^^  1'"  **^^  «y^«^ 

tohave  a  motion  on  the  ecliptic,  which    period  of  the  moon ;  or  the  angle  A  wiH 

carries  back  the  intersection  of  the  nodes  g 

with  the  ecliptic  by  about  19°  21'  23".  6,    he  360^  -.    But  the  moon,  before  she 

in  eveiy  year;  or  makes  these  poinU  ^j^e^akes  the  sun.  will  have  moved 
complete  the  circuit  of  the  heavens  m  '  »""»c** 

6793*  10»»  6«  29/952;  or  6793.42118  throueh  360*^  +  A.  or  360**+  360®-; 
days.  P 

We  have  said  that  the  moon  moves  ^^^  ^  ^^^  ♦akes  the  time  p  to  move 

round  the  earth,  from  West  to  East,  throjigh  360°,. she   will  take  the  time 

The  sun  moves  in  the  same  direction,  360   +  A  w,«„^*v,«^««,i,  oisno  ^  a  . 

but  is  much  longer  in  completing  kL        360°     /'.to  move  through  360®  +  A; 

entire  revolution  than  the  moon.     It  is  ■  o^n* 

evident  therefore  that  if  the  sun  and  ^^^  "^^^^p 

moon  are  at  some  one  instant  in  the    or  *  = tt .  p 

same   direction    with   respect   to   the  p    _^     i 

earth,  the  moon  will  move  more  rapidly  ^^                 "  *  ~  "P  "^  *  -P'« 

Emstvard  than  the  sun,  and  will  conse-  and  hence  p  =           or  *  =       ^   : 

quently  separate  from  him ;  and  will  P  4-  *              P  — /> ' 

continually    outstrip    him,    until    she  equations  from  which,  if  either  quantity 

returns  to  the  same  place  at  which  we  s  or  p  be  known,  the  other  may  M 

suppose  her  to  have  been  when  they  computed:    for  P,  the  length  of  the 

were     originally    observed     together,  year,  is  known. 

When  however  she  arrives  there,  the  The  angular  motions^  however  both 
sun  will  be  there  no  longer,  but  at  of  the  sun  and  moon  are  variable,  and 
some  distance  to  the  Eastward  of  that  this  method  therefore  seems  to  g^ve 
position,  and  the  moon  will  have  to  go  but  an  inaccurate  mode  of  estimating 
on  for  some  time  longer  before  she  the  element*  in  question.  We  may 
overtakes  him,  and  is  again  seen  in  the  however  estimate  m  this  manner  their 
same  direction  with  him.  Her  time  of  mean  value.  If  we  suppose  the  dura- 
returning  to  this  point  in  her  orbit,  tion  of  an  actual  revolution  of  the 
from  which  we  have  supposed  her  to  moon,  her  periodic  time,  to  be  always 
set  out,  or  of  making  a  complete  revo-  the  same,  the  length  of  a  synodic  revo- 
lution round  the  earth,  is  called  her  lu^ion  will  only  be  affected  by  the  dif- 
periodic  time;  her  time  of  being  again  ferent  rates  at  which  the  sun  and  moon 
m  the  same  direction  with  the  sun.  is  move  in  different  parts  of  their  orbits, 
called  her  synodic  period^  or  synodic  It  will  necessarily  increase  when  the 
revolution,  from  a  Greek  word  which  angular  velocity  of  the  sun  increases, 
signifies  a  coming  together,  for  in  that  case,  the  angle  which  the 

[If  either  of  these  quantities  is  moon  has  to  traverse  after  returning 
known,  the  value  of  the  other  can  be  to  her  original  place  before  she  rejoins 
computed  from  it.  Thus  let  s  represent  the  sun,  increases  also  ;  and  it  will  be 
the  synodic  period  of  the  moon,  p  her  diminished  when  the  angular  velocity  of 
periodic  time,  P  the  period  of  a  revo-  the  moon  herself  in  this  part  of  her  orbit 
lution  of  the  sun ;  and  let  A  represent  is  increased,  for  then  the  time  of  her  dc- 
the  angle  through  which  the  sun  has  scribingthat  angle  will  be  diminished. 
moved  before  ,the  moon  overtakes  Now  the  synodic  period  may  be  deter- 
him;  and  let  us  also  suppose  for  the  mined  by  observation ;  and  the  best  mode 
present  that  the  angular  motions  both  of  doing  so,  is  by  the  observation  of  eclip- 
of  the  sun  and  moon  are  uniform.  If  ws  of  the  moon.*  The  nature  of  these 
this  be  the  case,  as  the  sun  moves  phenomena  will  be  hereafter  explained : 
they  are  very  easily  observed ;  and  the 

•  At  Uie  Mcending  node  the  moon*B  declination  middle  of  the  cclipse  is  Very  near  the 

which  hu  been  more  Soathward  than  that  of  the  tj^e  at  which  the  earth  is  directly  be- 

■ao,  becomes  more  North  vrard.  or  ahe  passes  the     .  ..  j4.i  Jj.u«. 

Meridian  nearerto  the  North  Pole:  or.  as  in  Uiose     tweeu   the  SUU  and  the  mOOn,  and  that 

paru  of  the  world  where  astronomy  has  been  most    exact  time  may  be  easily  Computed  from 
t::T«U"«t'^:.iSL%SS^ZStf:!i    «»  ob^rvations  made  of  the  eclipse 

•kove  the  horiion.  she  passes  the  meridian  higher     from    000  of  these  times  therefore  to 
than  the  stui,  having  hlUierto  passed  it  below  him.     — — — — — ^— — — — — — ^— — ^— ^— . 

Heoce  this  Is  called  the  ascending  node ;  and.  for        *  Eclipses  of  the  sun  maj  also  be  nsed,  bat  aora 
eoBftraa  rtwoo,  Dm  other  t)io  dctcending     calaalation  la  required  to  make  the  conctnaloiii 

drawn  ttom  them  equally  accuxiM* 
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anolh^r,  or  firom  the  oommencement  or  obserred; and  thetiiMof  theooearreiiM 
dose  of  one  eclipse  to  those  of  another  of  some  has  been  recorded  with  suiBeieiit 
happening  under  similar  circumstances  accuracy,  even  before  the  Christian  era. 
(for  then,  in  each  case,  the  moon  will  be  By  comparing  these  with  recent  obeer- 
in  the  same  position  with  respect  to  the  yations  made  at  the  same  season  of  the 
earth),  is  necessarily  either  one  syno-  year,  the  duration  of  the  mean  eynodie 
die  period  of  the  moon,  or  some  exact  period  may  be  ascertained  with  veiy 
number  of  synodic  periods:  and  if  the  great  accuracy;  and  it  is  thus  found  to  l>e 
time  at  which  each  takes  place  be  ob-  29<'.  l2>^.44°*.2*.8,or  29.53058S  days*, 
served,  the  interval  between  them,  di-  The  sidereal  year  is  of  365.256384 
vided  b3r  the  number  of  synodic  revolu-  days :  the  mean  periodic  revohition 
tions,  will  give  the  length  of  the  synodic  of  the  moon  therefore  is 
period.  If  the  eclipses  are  taken  at  the  365.256384  x  29.530588  , 
same,  or  very  nearly  the  same  period  365.256384  +  29.530588  ^^  ^' 
of  the  year,  the  moon  and  sun  will  each  27.321661  days,  or  27*  7*  43*  llV5i. 
of  them  be  nearly  in  the  same  position  This  is  evidently  the  wrferealfwo/ttfwn  of 
with  respect  to  the  earth  at  each  obser-  the  moon :  her  time  of  describing  360^  or 
vation,  or  each  will  have  revolved  a  cer-  of  returning  to  the  same  position  with  re- 
tain number  of  times  round  the  earth  ;  gpegt  to  the  stars.  But  wKle  she  performa 
and  consequently,  as  the  pnncipal  in-  ^er  revolution,  the  equinox  will  have  re- 
equahties  of  the  motion  of  each  are  gone  trograded.  and  her  return  to  the  same 
through  in  the  space  of  one  revolution,  position  with  respect  to  the  equinox,  or 
each  will  have  gone  through  all  the  f;er  tropical  paiod,  will  be  shorter. 
Tanetics  of  its  motion  a  certain  number  T^e  tropical  period  may  either  be  de- 
of  times,  and  may  therefore  be  consi-  juced  from  the  sidereal  period,  or  de- 
dered  as  hayii^  passed  through  the  same  ^uced  in  the  same  manner  from  a 
epace  as  if  it  had  always  moved  with  its  ^^^^x^  equation  :  for  if  g  represent  the 
mean  motion.  The  synodic  period  there-  tropical  period  of  the  moon,  and  Q  the 
fore,  thus  deduced,  will  be  the  me^  fropical  year,  s  being  the  synodic  peaod 
synodic  period ;  except  mdeed  that  the  q  , 
motion  of  the  moon's  apogee  being,  as  as  before,  q  =  ,  an  equation  ex- 
we  have  seen,  considerable,  must  not  be  41  •  i  *  *u  *i  -*  rru^  ^ 
entirely  left  out  of  the  account,  as  the  «'"y  similar  to  the  last  The  coim- 
rate  of  her  motion  in  her  orbit  depends  derations  necessary  to  deduce  this  eq^ 
on  her  situation  with  relation  to  that  Jjf"  »r«  ^^f".  f"'*  compUcaUrf  than 
point.  To  make  the  correctness  of  the  those  involved  m  the  proof  of  the  former 
mult  deduced  complete  therefore,  we  «»«•  ^"^  it  may  neverthelws  be  worth 
.hould  add  the  further  condition  that  ^hile  to  subjoin  them  t.  The  length  of 
the  apogee  of  the  moon  should  be  about  .  -rhii  u  the  nmit  d«iuMd  tor  tk.  eomputaoa 
the  same  place  at  each  observation.    It  o'»°««"p«'''>!«"«?  ^,'*«,5i^«*»" '*"•<'• 

,,         Ft ..,*„  I ««„.,•„  is I  „u  •ndoneobiervett  In  P.n«  ID  1771.  ThewDOI.Bum- 
'VrOUld  not  however  be  easy  to  find  ob-  ^  „f  ,y„o<iic  re»oiutioo.  ta  th.  intcmi  wu 

SCrvationS  so  fully  corresponding  to  each  S0817 1  and  u>j  error  produc«l  by  th.  InequBlIClei 

other.    If  however  we  take  observations  •' »*•  °~'>,  S^''?",""""'  "*  '"'^'^  **""' 

.....                 i_     41.       •     *.•         xi_  among  all  tneae  revolations. 

very  distant  from  each  other  m  time,  the  f  [AdopUog  the  notaUon  med  in  th«  tot,  let 

apogee  will  have  revolved  a  certain  num-  «  -  *niounl  of  oreceMlon  in  the  time  ofthe  mooii*^ 

• '^  °  .  . .                  ,  .            1      r  lu         ^  tropical  revolution,  or  in  o )  and  6  >■  preccaaioo  in 

her  of  times,  and  in  each  of  these  revo-  ^  tropical  year,  or  in  q. 

lutions  the   moon  will  have  had  all  her  ThA  as  the  sun  in  a  tropical  year  dcfcrlbca 

varieties    of  motion  ;   there  will  besides  ^J^elngle  described  by  the  .un  In  the  aynodic 

be  one  incomplete  revolution    of   the  r^o  — 6^i- 

apogee,  and  one  only,  occasioning  some  p*"**^**"  ^^eo     b)  ^• 

deviation  from  the  mean  value.    Still  »"*  ^h«  ™oon  »«  "»•  eynodie  period  deM:rib«a 

the  error  Ihus  produced  will  be  divided  thii  angle  and  360°  besides,  or  soo  +  (seo  —  *)  rj. 

in  the  manner  we  have  already  illus-  Now  in  «,  the  moon  describe*  aeo— a,  J2d 

trated,    p.   40,    among    all    the    synodic  consequently  the  motions  being  supposed  uniform, 

periods  included  between  the  two  obser-  9 : « ::  360  —  a :  3co  +  ^3<^~^0»  -. :  MO  Q  —  a  Q 

vations,  and  will  therefore  produce  very  :  3^  q  4. 300 ,_  j ,          ^ 

little  efFect  on  each;  and  on  the  same  and  conseqiientiy  sooq  9  +  3G0«  q-^b  sf- 

principle,  if  the  time  intervening  be  great  J?**  S/.r  **  ^  *•  .     ^       .*           1. 

fL         L    '           lu^    :^^ .»;♦;««  V.««.Jt.««^  But,  if  the  precession  be  uniform,  a  :  6  :;  •  :  Q  or 

enough,  even  the  inequanties  produced  oQ-fcyoroQs-fc*^. 

by  observing  at  different  seasons  of  the  Taking  away  therefore  these  equal  quantities, 

year  may  be  neglected.  M0Qg  +  860.g«860iQ.    ^^ 

NoweoUpses  Are  phenomena  so  re-  or,Qf+sg*«Q,orf»  ^X^-  **^  '^'*** 

markable,  tmt  tbey  btLve  been  very  long  lUtcd  abQ^^.^ 
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llie  tropeal  rerolutioii  therefore  (the  meridian  eontinaally  at  a  longer  inter- 
toi|^  of  the  tropical  year  beins  yal  alter  the  sun ;  and  while  she  does 
2£&  A4AQiu\  •  865.242264  X  29.530588  so,  the  breadth  of  the  crescent  continu- 
*^^  ^^  IS  355  242264  +29.530588  *^y  increases,  the  outward,  or  West- 
days,  or  27^21582  days,  or  27*  7**  43"  f™  line  continuing  to  be  circular, 
4*.  685, 1  "^^  *"*  inner  ellipse  continually  be- 
Thus  far  our  observations  require  coming  less  strongly  curved,  until,  when 
little  explanation ;  and  we  have  thought  ^«  ^^^^  *s  distant  about  90°  from  the 
it  best  to  premise  them,  as  the  ascer-  sun,  and  comes  upon  the  meridian  about 
tainment  of  the  shape  and  position  of  »«  hours  after  him.  this  inner  curve  is 
the  moon's  orbit  depending  on  the  same  changed  into  a  straight  line,  and  the 
principles,  and  being  deduced  in  the  same  appearance  is  that  known  by  the  name 
manner  as  that  of  the  sun,  we  may  at  Z^  nalf^oon.  After  his  time  the  hne 
c»ice  refer  to  it  as  so  ascertained,  with-  becomes  again  elliptical,  but  has  its  con- 
out  entering  into  any  detail  of  the  steps  je^^J  towards  the  side  most  distant  from 
necessary  to  its  invesUgation ;  and  the  the  sun,  cr  bulges  out  m  that  direction, 
difference  between  the  synodic  period  andthe  two  lines  which  appear  to  bound 
and  the  periodic  time  follows  so  imme-  *^5  moon  become  concave  to  eadi 
diately  from  the  motion  of  revolution,  ^^^^^'  *^  ^"^*  condition  the  moon  is 
that  it  was  necessarily  introduced  as  a  ^^*^  gtbhous,  and  the  side  of  the 
consequence  of  it.  These  results  how-  moon  most  distant  fh>m  the  sun  con- 
ever  do  not  at  all  explain  the  most  re-  J»«"^y  becomes  more  and  niore  strong- 
markable  appearances  of  the  moon,  or  ^y  curved,  and  the  apparent  breadth  of 
those  to  which  the  attention  of  a  com-  ™  «^oo"  consequently  greater,  until, 
mon  observer  is  first  directed :  and  we  ^"*"  *"®  "K"*  ascension  of  the  moon  is 
now  proceed  therefore  to  state  the  na-  ^^0°  different  from  that  of  the  sun,  and 
ture  of  those  appearances,  and  to  "he  comes  on  the  meridian  twelve  hours 
explain  the  causes  from  which  they  f^^r  him,  or  at  midnight,  this  side  of 
proceed.  ^"^  moon,  as  well  as  the  other,  is  a 
'^  *  semicircle;  and  the  moon  appears 
SlCTioif  II.— 0»  the  Phasei  of  the  completely  round  in  the  heavens,  or,  as 
Moofi'-General  account-Law  qf  ^e  «;y,  it  is  Ml  moon.  From  this 
their  Variation^Earthshine—PrO'  penod,  although  the  moon  stiU  comes 
portion  of  Moonlight  at  different  sea-  unon  the  mendian  longer  and  longer 
\(mi^place9-lIarveBtldoon.  ^f  the  sun.  she  approaches  him  m 

distance,  for  no  pomts  upon  the  sphere 

Trb  period  of  time  during  which  the  can  be  distant  from  each  other  more 

appearances  now  iu  question  succeed  than  180^;    and  when  the  difference 

each  other,  is  the  synodic  revolution  of  of  right  ascension,  in  the  direction  in 

the  moon,  or,  as  it  is  commonly  called,  a  which  it  is  measur^l,  exceeds  this  quan- 

kmoT  month.   There  is  a  certain  period  tity,  the  distance   measured   backward 

during  which  the  moon  is  not  at  all  visi-  must  fall  short  of  it :  thus,  if  the  moon 

t)le;  and  in  the  course  of  which,  as  we  comes  on  the  meridian  15  hours  after 

know  from  observation  and  computation  the  sun,  or  the  difference  of  their  right 

of  her  course,  she  has  the  same  right  ascension  is  225°,  the  distajsce  between 

ascension  with  the  sun,  or  comes  on  the  them,  measured  in  the  opposite  direction, 

meridian  at  the  same  time  with  him.  is  only  9  hours,  or  135  ,  or  she  comes 

It  is  some  time  after  this  l)efore  she  be-  on  the  meridian  only  9  hours  before  the 

comes  visible,  and  when  she  does  so,  succeeding  noon.    After  the  full  moon 

she  is  seen  in  the  West  soon  after  sunset,  therefore,the  distance  begins  to  diminish, 

with  the  appearance  of  a  very  thin  ere-  and  as  it  diminishes  it  is  found  that  the 

scent,  the  bright  and  visible  part  having  appearances  visible  during  its  increase 

the  skle  nearest  to  the  sun  convex  to-  succeed  each  other  in  the  contrary  order; 

wards  him,  and  apparently  semicircular :  that  the  moon  becomes  gibbous,  and  her 

the  inner  part,  or  the  part  farther  from  apparent  breadth  continually  diminishes, 

the  sun,  being  elliptical,  and  convex  in  the  side  now  next  the  sun  continuing  ap- 

the  same  direction  with  the  outer.  From  parently  circular,  the  other  becoming  el- 

this  time,  as  the  moon's  motion  East-  uptical,  and  continually  less  and  less 

ward  in  the  heavens  is  greater  than  the  strongly  curved,  until,  about  the  time 

aun*s,  in  the  ratio  of  13  to  1  nearly,  their  when  the  distance    between   them,  v^ 

distance    from  each  other  continually  270°  in  one  ditecWon,  ox  ^vP  m  >^^ 

increases,  as  the  moon  comes  on  the  other,  thj&.ap^ax«ac^  ol  Yi'dM  TaQ^xi\& 
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agtin  TOieieiited;  and  from  that  time  luminonf  of  hendt  for  if  thewereilM 
forwiira  Uie  moon  appears  ts  a  crescent  would  always  be  Tisible  when  abm 
oontinually  diminishuig  in  breadth,  until  the  horison,  whatever  were  her  posidon 
at  length,  when  she  has  got  as  near  the  with  respect  to  the  sun.    Considerinr 
sun  as  she  was  when  she  first  became  her  therefore  as  opaque,  Imt  c^Mble  <n 
Tisible  at  the  beginning  of  the  month,  she  reflecting  light,  it  is  plain  that  one  por- 
disappears,  and  is  not  again  seen  till  tion  of  the  moon  would  always  be  ligM, 
the  corresponding  period  of  the    next  namely,  the  ^hole   portion   which  is 
month,  when  the  same  order  of  appear-  tumea  towards  the  sun,  and  the  rest 
ances  recommences.    The  appearances  would  be  dark.      We    should  eonse- 
during  the  period  of  her  dimmution  are  quentlv  see  only  that  portion  which  the 
exactly  the  same  with  those  during  the  sun  illuminated,  and  only  so  much  of 
period  of  her  increase,  and  correspond  to  that  portion  as  was  on  the  side  of  the 
exactly  the  same  distances  in  each  case,  moon  turned  towards  us.    When  thm- 
Thus,  if  the  shape  of  the  moon  be  ob-  fore  the  moon  was  between  us  and  the 
served  when  her  angular  distance  from  sun,  she  would  be  invisible,  because  the 
the  sun  is  70^  East,  it  is  found  that  whole  of  her  enlightened  side  would  be 
she  has  exactly  the  same  shape  when  turned  from  us ;  gradually,  as  she  re- 
290°  East,  or  70°  West  of  him:  the  ceded  from  this  position,  some  part  of 
only  difference  is  that  the  circular  part,  her  enlightened  side  would  be  within  the 
or  limb^  of  the  moon,  which  was  turned  view  of  an  observer  at  the  earth,  and 
in  the  former  case  towards  the  Western  this  part  would  continually  increase  as 
part  ofthe  heavens  where  he  set,  is  turned  she  got  farther  from  the  sun,  until  at 
m  the  latter  towards  the  Eastern  part  length,  when  she  was  upon  the  oppo- 
where  he  is  about  to  rise.  site  side  of  the  earth,    or  the  earth 
It  is    obvious,  therefore,  that  these  was  between  her   and   the    sun.  fht 
appearances,   or  phases,  as  they  are  same  portion  of  the  moon  woidd  be 
called,  of  the  moon,  depend  upon  her  tiu*ned  towards  the  sun  and  earth,  'or 
angular  distance  from  the  sun,  for  they  the  whole  of  the  enlightened  portion 
eontinualljr  vary  with  the  variation  of  would  be  visible  to  us.    From  this  time 
that  quantity ;  Uie  visible  magnitude  of  she  would  again  approach  the  sun,  and 
the  moon  increasing  when  that  quantity  some  part  of  the   enlightened  portion 
increases,  and  diminishing  when  it  di-  would  continually  disappear;  and  as 
minishes;  and,  when  that  quantitjr  is  the    quantity    visible    would    depend 
equal  at  different  periods,  these  visible  merely  on  the  relative  positions  of  the 
ma^tudes  being  equal  alsa    Nor  is  sun,  moon,    and  earth,  the   decrease 
it  (ufficult  to  perceive  that  the  appear-  would  follow  the  same  law  as  the  in- 
ances  presented   correspond  to   those  crease,  although  in  a  reversed  order,  for 
which  would  obtain,  if  the  moon  were  the  relative  positions   would  succeed 
an  opaque  body,  giving  forth  no  light  of  each  other  in  this  manner.    These  con- 
its  own,  but  capable  of  reflecting  the  elusions  may  be  illustrated  by  inspection 
lightreceived  from  the  sun.  of  Jig.  16,  where  if  T  represent  the 
It  is  evident  that  the  moon  is  not  earth,  S  the  sun,  (of  whidi  howerer 


Fig.  16« 
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te  diftanee  must  be  taken  to  be  very  the  enlightened  part  of  the  moon  visible 

great*  although  it  is  not  represented  from  the  earth,  will  also  be  a  circle  d 

•o  to  the  convenience  of  the  figure,)  the  sphere,  but  this  will  be  seen  ob- 

•nd  A«  6.  C,  D,  E,  &a,  different   po-  liquely  from  the  earth,  and  will  there* 

aitions  of  the  moon   (which  we  will  fore  assume  an  oval  appearance  ;   it 

•appose  spherical)  in  her  orbit,  the  en-  therefore  will   be  represented  by  the 

ligntened  portions  of  those  circles  will  inner  boundary  of  the  light  part  of  b, 

represent  the  enlightened  part  of  the  These  lines  will  evidently  meet  in  a 

moon  in  each  case ;  and,  as  the  part  of  point,  us  they  do  in  the  figure,  l)ecause 

the  moon  tiumed  towards  the  earth  will  the  corresponding  circles  in  B  do  ac« 

be  that,   or   very   nearly  that  within  tually  meet   so,   and  the  visible  light 

fbe  circle  passing  through  A,  B,  C,  part  of  the  moon  itself  consequently 

&&•  the  part  visible  in  each  case  will  terminates  in  one. 

be  only  so  much  of  the  enlightened  The  reader  will  have  no  difficulty  in 

part   as   is  within  that  circle.     The  ascertaining  in  the  same  manner  the 

fl^;ares  in  the  outer  circle,  a,  b,  c,  &c.,  correctness  of  the  other  delineations. 

wdl   represent    the    appearances,    or  We  conclude  therefore  that  the  njoon 

phases,  of  the  moon  in  the  corresponding  shines  by  light  reflected  from  the  sun  ; 

situations,  the  light  parts  only  being  and  we  shall  find  a  still  farther  proof  of 

visible.    Thus,  at  A,  the  whole  of  the  it  when  we  treat  of  eclipses,  for  we  shall 

enlightened  part  of  the  moon  is  turned  see  that  even  when  she  is  opposite  to 

from  the  earth,  and  none  of  it,  in  conse-  the  sun,  at  the  time  of  the  full  moon,  if 

quence,  is  visible:  at  B  andH,  a  small  the  earth  is  directly  between  her  and 

part  only,  and  that  equal  in  both  in-  the  sun,  so  as  to  intercept  his  light  en- 

flUmces*  IS  visible,  namely,  the  light  parts  tirelv,  she  then  also  becomes  invbible. 

within  the  circle ;  and  the  appearances  The  subject  however  is  of  too  much 

presented  are  represented  by  b  and  A,  importance  for  us  to  leave  it  with  only 

two  similar  fibres,  but  with  the  con-  this  general  sort  of  illustration.    The 

▼exity  of  the  lii^ht  part  turned  in  each  law  which  determines  the  proportion  of 

case  towards  S,  and  consequently  in  the    surface   of  a   spherical  heavenly 

different  directions  with  respect  to  T.  bod)r,  depending  for  its  light  on  the  re- 

To  ejqplain  fully  the  correctness  of  the  flection  of  light  from  the  sun,  which 

representation,  the    flgures  b,  c,  &c.,  is  visible  at  different  times,  according 

sboold  be  considered  as  if  they  were  to  its  different  situations  with  respect  to 

perpendicular  to  the  plane  of  the  paper,  that  body,  may  be  investigated  without 

The  reason  is  obvious.  Taking  the  figure  any  difficulty  by  a  reader  very  slightly 

B,  the  visible  part  is  not  a  sector  of  a  acquainted  with  mathematics ;  and  it  is 

circle  as  it  is  unavoidably  represented  in  of  the  more  importance  to  do  so,  be- 

tbe  figure,  which  is  drawn  on  a  plane  cause  we  shall  not  only   find  that  it 

•orfaoe ;  but  a  portion  of  the  surface  of  accounts  for  the  various  phases  of  the 

a  ^here  of  which  every  part,  except  the  moon,  but  that  it  serves  to  explain  the 

external  line  actually  drawn,  is  either  appearances  of  other  heavenly  bodies, 

above  or  below  the  plane  of  the  moon's  on  which  we  have  not  yet  touched.  We 

cyrbit,  or  the  plane  of  the  paper  which  proceed  therefore  to  investigate  it.    We 

represents  it   The  circle  drawn  through  confine  ourselves  to  the  case  of  a  sphe- 

A,  B,  &C.,  will  very  nearly  represent  the  rical  heavenly  body,  because  all  those 

line  bounding  the  part  of  the  moon  to  which  we  shall  have  to  apply  our 

visible  from  the  eartn ;  and  this  will  be  results,  are  very  nearly  of  that  form, 

a  circle  described  on  the  sphere  very  If  the  moon,  or  any  other  body  which 

nearly  perpendicular  to  the  plane  of  the  receives  the  sun*s  rays,  be  spherical,  the 

moon*s  orbit,  and  to  the  line  joining  the  boundary  of  the  part  on  which  they  fall, 

earth  and  moon,  or  the  moon's  radius  or  of  the  enlightened  part,  will  necessa- 

vector;  it  will  therefore  be  seen  as  a  rily  be  circmar.    This  follows  imme- 

drcle  perpendicular  to  that  same  plane,  diately  from  a  very  simple  consideration. 

or  as  the  outer  line  of  the  light  part  of  Let  A  (fig.  1 7.)  represent  the  centre  of 

b»    The  dark  line  also,  the  ^undary  of  any  opaque  sphere  whatsoever,  and  B  a 

Fig.U, 
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laminooa  oty'«et  ■tuning  upon  it ;  and  the  nin.    If  thi  nm  wore  of  ttw  mdm 

let  the  line  A  B  be  dratm  joinint;  A  tnd  site  M  the  moon,  the  ntnoM,  or  tun 

B,  and  passin);  through  the  sphere  at  gential    nj\    would    l>e   pandld ;    if 

J) ;   and  let  B  C  be  a  tangent  to  the  smaller,  ttiey  would  conttnualljr  di<rarn 

tphere.    It  it  evident  that  C  will  be  a  from  each  other ;  if  Itrgtr,  they  wotdd 

point  in  the  boundary  of  the  illuminated  converge    to    a   point.     Hmm  renlti 

Sart  of  llie  sphere,  for  no  point  farther  are    obrious   in   themselTes :    or  they 

om  B  thaa  C  is,  can  receive  a  ray  will  immediatelj  appear  by  the  intpee- 

of  light  from  B.  as  some  part  of  the  tiOD  of  Jtg.  18,  where,  if  8  repreauiti 
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opaque  sphere  will  1>«  between  then  , 
and  every  point  between  C  and  D  must 
receive  such  rays,  for  there  is  nothing 
to  interpose  and  prevent  them  from 
arriving  there. 

Now,  all  tangents  drawn  to  a  sphere 
from  the  same  point  are  equal  to  each 
other ;  at  every  {loint  therefore  in  ttie 
boundaiv  of  the  illuminated  part  the 
value  of  C  B  is  the  same ;  A  C,  the 
radius  of  the  spherical  body,  is  equal  at 
all  points,  and  A  B  is  always  the  same 
line:  the  value  therefore  of  the  angle 
D  A  C  is  the  same  in  the  case  of  every 
point  in  this  boundary,  for  all  the  tn- 

angles,  formed  as  A  B  C  is,   have  all  the  sun,  and'A,  B  C,  three  bodies,  the 

their    sides   equal,   and  consequently  first  equal  lo  the  tun  in  site,  the  second 

their  angles  equal  also.    Every  point  larger,  the  third  smaller,  the  extremltiet 

then  in  this  boundarv  is  at  the  same  an-  of  the  shaded  fibres  beyond  them  will 

Klar  distance  from  the  point  B,  or  from  evidently  represent  the  course  of  the  «- 

and  therefore  in  the  circumference  freme  rays,  and  the  fleures  themselves 

of  a  circle  whose  pole  is  D,  and  conse*  the  shadows  cast  by  the  bodies,  which,  ia 

rntly  whose  plane  is  perpendicular  to  the  two  former  cases,  would  be  pr^oapd 
line  A  B.  This  circle  differs  almost  to  an  infinite  distance ;  in  the  latter,  they 
imperceptibly,  in  the  case  of  the  sun  and  would  terminate  an  in  the  figure.  Tix 
any  body  on  which  he  shines,  from  a  third  caie  represents  that  of  the  moon, 
great  circle  of  the  sphere ;  for,  as  the  which  is  smaller  than  the  sun  :  the  boun- 
angle  A  G  B  is  a  right  angle,  being  that  dary  of  the  illuminated  part  therefore 
mtulebya  tangent  with  the  radius  which  will  be  determined  by  raya.  not  diverging 
it  meets,  the  angles  CAB  and  C  B  A  from  the  illuminating  body  8,  but  con- 
together  are  equal  to  a  right  angle ;  and  verging  to  a  point  on  the  other  side  of 
as  the  sun'sdislanceis  exceedingly  great  the  moon.  But  still,  as  they  all  meet  in 
in  proportion  to  the  radius  of  any  a  point,  the  boundary  of  the  iUuminated 
heavenly  body  on  which  he  shines,  the  part  will  be  a  circle,  in  the  same  manner 
angle  C  B  A  is  very  small  indeed,  or  as  before ;  and  as  the  difference  of  the 
the  angle  CAB  very  nearly  equal  to  a  diameters  of  the  sun  and  moon  is  small 
right  angle  ".  in  comparison  wilh  their  distance,  the 
In  drawing  this  conclusion,  however,  rays  will  converge  very  slowly,  knd  the 
we  have  treated  the  light  es  proceeding  extremity  of  the  shadow,  the  point  to 
from  a  single  luminous  point,  B  ;  and  which  the  extreme  rays  converge,  will 
the  resuh  will  require  lobe  a  tilile  modi-  be  very  distant  from  the  moon;  and 
fied,  as  light  dues  actually  proceed  from  the  boundaiy  therefore,  in  this  cue 
every  part  of  a  very  large  body,  namely  also,  will  differ  very  little  from  a,  great 

— — ■ —  circle.      The   whole    part    illuminatad 

•  [iiiihsr.«ofihi;inr>iiB.theiii«n»aiur<irihc  therefore  rather  exceeds  half  the  wptxn. 


™liu.((i.61).    CA  Ihtrtfoie  liluAB.or.whirli     rnUbtj 
oB/ytff  j^  la  Sasao,  91  oC  a  to  2i8i  00  mi  tin     ^, 


°.MS79.    ^.-f,.  li  coilMqatnlly  only 

Ihan  2".      The  (dkU  cab 
'    FQinldered  to  dlflir    iBtxr- 

£1  miigl(,orUis.tcDCfr™ 
boundary  of  (be  enUcliUiitd 
■j    ,      ■  u       ^      1"  ■'t"««d,  irmiU  bf  a  mat 
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but  80  little,  that  we  may  say  generally  is  too  considerable  to'  be  entirely  neg- 
ttiat  ludf  of  any  spherical  heavenly  body  lected*.  Still,  even  in  this  case,  the  sup- 
la  illuminated  by  the  sun,  and  that  th!e  position  that  the  boundary  is  .a  great 
boundary  of  the  illuminated  part  is  a  circle  is  so  neurly  correct,  that  we  may 
sraat  circle  of  the  sphere,  whose  plane  use  it  to  explain  the  manner  in  which 
»  perpendicular  to  the  line  joining  the  the  magnitude  of  the  visible  part  of  the 
centre  of  the  body  with  the  centre  of  object  varies ;  and  in  the  others  to 
the  sun.  which  we  shall  hereafter  apply  it,  it  dif- 
Agun,  if  we  suppose  B,  in^.  17,  in-  fers  quite  imperceptibly  from  the  truth, 
stead  of  t)eing  the  position  of  an  illumi-  Now  in  Jig,  19,  let  £  represent  the 
iMted  bNody,  to  be  the  position  of  an  ob-  situation  of  the  earth,  S  that  of  the 
server  looking  at  the  spherical  body  A,  sun,  M  the  oentre  of  any  spherical  l>ody 
he  itiSi  evidently  see  all  between  D  and  reflecting  the  sun*s  light  to  the  earth ; 
C,  aoid  nothing  b^ond  C.  C  therefore,  the  body  itself  being  represented  by  the 
ill  tlds  case,  will  represent  a  point  in  the  circle  ABab,  which,  nowever,  is  ex- 
boaodary  of  the  part  of  the  spnere  visible  cessively  magnified  to  admit  of  drawing 
to  the  observer ;  and  by  the  same  rea-  the  necessary  lines  within  it  Draw  the 
sonhig  as  before,  this  boundary  must  be  lines  MS.  £  S,  and  £  M|  and  produce 
wetiUur,  and  its  plane  perpendicular  to  £  M  to  N.  The  angle  M  £  S,  subtend^ 
A  B :  and  fiulher,  it  also  may,  if  the  at  £  by  the  places  of  M  and  the  sun, 
distance  A  B  is  sufficient,  be  considered  or  their  apparent  angular  distance  from 
as  a  great  circle  of  the  sphere.  In  the  each  other,  is  called  ths  elongation  of 
ease  of  the  moon  and  earth,  this  distance  M,  and  the  angle  N  M  S  is  called  the 
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estierior  angle  of  dongoHon,     Draw  occupying  the  same  angle  as  the  line 

A  M  a  perpendicular  to  MS;  then,  by  B  6 ;  he  sees  a  b  occupying  the  same 

what- we  have  already  shown,  A  and  a  angle  as  the  line  bc\  or  the  extreme 

will   each  be   points   in  the  extreme  .  .,  ^. ,  ^ — — ; — — ■— 

r        J            e^^         si«U4 J      -- *  ^f*u»  *  [IntW«ca»e  AB  =  60  times  euth's  radius 

boundary  of  the  enlightened  part  of  the  s 

body,  or  A&a  will  represent  the  en-  »*"»y'  and  ac  -  mooirs  radius  -^  earth*. 

Ktened  part.    In  the  same  manner,  f^atn*  newly.   CooMqutnUj sin.  abc  -  f 2 

M6  bedrawn  perpendicular  to  £M,  3         1                                       ^" 

B  and  6  will  be  points  in  the  extreme  =  iTxso=MO'**i"»'»"*y  ■«»  ■n««utiiat  the  angle 

boundary  of  the  part  of  the  body  which  "<*  ^<  •*»»«  "»*y  *>«  considered  to  comrsgond,  and 

is  turned  tOWarcb  E,   or  B  a6  will   re-  coascqnenUy    the   angle   ABC"  ^^-^^= 

present  that  part :   and  a  b  consequently  .3S0436,  or  Tcry  Uttie  more  than  a  quarter,  of  a 

win  represent  the  part  actually  visible  «»ere*.  w»d  the  angle  c  a  b  fwis  short  of  a  right 

.A    V    C.  ...^<wa«^    i;»K*        TU^Ht   Tf^^  angle  only  by  that  quantity.    The  same  result  may 

at    E    by  reflected    light.       Draw   JLac  bTobtain^l  yet  more  simply  Uiua » the  aogle  c  a  i 

through  a  to  meet  the   line  B  b,  and  the  fails  short  of  a  right  angle  by  the  angle  ABC; 

«wMn«7  A  iiiu!  r  would   annear  to  the  ob-  but  A  B  0  la  the  angle  subtended  at  the  earth  by 

pomu  a  ana  c  woma  appear  xo  me  00-  ^^^  ^^^^  ^  ^^  ^^^^  ^  ^^  ^  ^^^^  ^^^  xy^^%x^l\ 

icfter  atE,  m  the  same  duection.    it  diameter  or  the  moon,wh\ch^«Yiv«%«ft«u«^.ta« 

be  eoQld  see  the  whole  part  B  a  ^,  which  27W?:?S.'?^.^^^^'*- ^•^'***^^'^X!l 
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apparent  breadth  of  the  visible  part  of 
the  moon  is  to  the  apparent  diameter  of 
the  moon  in  the  proportion  of  be  to  the 
real  diameter  of  the  moon :  or  the  appa- 
rent breadth  varies  ta  be.    But  a c  is 
very  nearly  perpendicular  toBb:  for  it 
is  only  in  cases  where  the  greatest  pos- 
sible angle  subtended  by  any  radius  of  the 
object  (as  M  6)  at  E  is  very  small,  that 
Vfe  can  take  a  great  circle  of  the  sphere 
as  representing  the  boundary  of  the  part 
turned  towards  £ ;  and  we  have  already 
stated  that  we  may  do  so,  even  in  the 
case  of  the  moon,  without  any  material 
inaccuracy  ♦.    The  angle  M  c  E,  there- 
fore, is  very  nearly  a  right  angle:  or 
b  c  is  very  nearly  the  verseii  sine  of 
the  arc  a  b,  or  the  angle  a  M  6 :  for 
by  the  definition  of  a  versed  sine,  it 
would  be  that  quantity,  if  the  line  ae 
were  accurately  perpendicular  to  B  b. 
The  visible    breadth  therefore   of  the 
illumined  part  of  the  body  M  varies 
very  nearly  as  the  versed  sine  of  the 
angle  aMb,     But  a  M  S,  6  M N,  are 
right  angles,  and  therefore  equal :  and 
taking  the  common  angle  ftMSfrom 
both  (or  adding  it  to  both  in  cases  where 
the  angle  N  M  S  is  ereater  than  a  right 
angle)  a  M  6  =  S  M  N  the  exterior  angle 
of   elongation.     Tlie    visible    breadth 
therefore   of  the  illumined  part  of  the 
body  varies  very  nearly  as  the  versed 
sine  of  the  exterior  angle  of  elongation. 
[This  is  the  extreme  visible  breadth. 
The  whole  visible  part  varies  in  the  same 
manner ;  for  the  boundary  of  the  illu- 
minated part  of  the  sphere  is  itself  a 
circle,  and  the  lines  therefore  which  join 
E  with  every  point  of  this  boundary  will 
form  an  oblique  cone  of  which  £  is  the 
vertex,  and  this  boundary  the  base.  The 
plane  B  6  is  perpendicular  to  the  axis  of 
this  cone,  and  of  course  cuts  it    all 
round:  the  section  therefore  which  it 
makes  must  {Geom.  App.  Prop.  24)  be 
an  ellipse ;  and  the  hait  of  this  section 
will  be  one  of  the  boundaries  of  the  vi- 
sible part  of  the  moon.     The    other 
boundary  is  that  of  the  part   tiimed 
towards  the  earth,  which  is  a  circle,  and 
it  is  on  this  same  plane :  the  visible  part 
therefore  will  appear  as  a  figure  con- 
tained between  a  circle  and  an  ellipse. 
The  minor  axis  of  this  ellipse  =  M  r, 
.    the  major  axis  =  M  A.    The  area  of  the 
ellipse  therefore,  =3.14159.  Mc.  M^: 
and  the  area  of  the  circle  =  3.14159. 

*  At  the  extremity  of  the  diameter  B  b,  the  dif- 
ference between  the  angle  made  by  the  diameter 
Itaelf  with  the  line  drawn  from  E  to  it,  and  a  right 
magXt,  U  only  about  a  quarter  of  a  degree,  a*  shown 
Sd  the  imst  aote :  for  every  point  nearer  to  lf»  the 
iiWiereace  i»  of  coune  ieM. 


M  6*:  the  tre&  of  the  part  behvcen 
them  therefore,  =  3.14159.  M.  b  QHb 
±  Mc)  =  3.14159.  VLb.  be,  and 
therefore  varies  as  be,  and  of  coorae^ 
the  difference  or  sum  of  the  aemidrele 
and  the  semiellipse  varies  in  the  same 
proportion.] 

It  is  evident  also  that  the  whole  of  the 
exterior  semicircle  is,  in  every  caiep 
visible;  for  the  boundary  of  the  part 
turned  towards  the  earth,  and  the  boun- 
dary of  the  enlightened  part  of  the 
moon,  are  each  of  them  great  cirdet. 
and  therefore  bisect  each  other ;  or  the 
visible  boundary  is  a  complete  semi- 
circle, at  whatever  angle  they  meet. 
Whenever  therefore  the  moon  is  visibk, 
her  extreme  points,  or  cusps,  are  at  the 
extremities  of  a  diameter ;  and  we  may 
therefore,  during  all  her  phases,  how- 
ever small  be  the  part  of  her  surface 
which  is  actually  visible  to  us,  make 
those  observations  of  her  apparent  dia- 
meter to  which  we  have  already  referred 
for  ascertaining  her  distance  and  the 
form  of  her  orbit. 

The  deduction  of  the  above  proposi- 
tions is  not  necessary  for  the  purpose  of 
satisfying  us  that  the  moon  shmesby 
light  reflected  from  the  sun,  for  her  dis- 
appearance when  between  us  and  the 
sun,  and  whenever  his  light  is  inter- 
cepted from  her,  and  the  manner  in 
which  the  light  part  of  the  moon  is  al- 
ways turned  towards  the  sun,  are  suffi- 
cient for  that  purpose.    But  these  pro- 
positions are  necessary  to  estimate  at  all 
accurately  the  part  of  the  moon  visible 
at  different  periods  of  the  month.  Thus, 
when  the  moon  is  between  the  earth  and 
the  sun,  or  as  it  is  called  in  conjuncHom 
with  the  sun,  the  exterior  angle  of  elon- 
gation is  equal  to  nothing ;  for  the  line 
joining  the  earth  and  moon  when  pro- 
duced is  in  the  same  direction  with  that 
joining  the  moon  and  the  sun,  and  coin- 
cides with  it :  in  this  case  therefore  the 
versed  sine  of  that  angle  is  equal  to 
nothing.    When  the  earth  is  between 
the  sun  and  moon,  or  the  moon  in  op- 
position to  the  sun,  the  line  joining  the 
earth  and  moon  when  produced  is  ex- 
actly in  the  opposite  direction  from  that 
joinmg  the  moon  and  sun,  or  it  coincides 
with  it,  but  is  measured  in  the  other  di- 
rection, or  it  makes  an  angle  of  180° 
with  it ;  and  the  versed  sine  of  this  angle* 
or  of  the  exjterior  angle  of  elongation,  is 
the  whole  diameter.    The  whole  face  of 
the    moon  therefore   is    then   visible* 
When  the  exterior  angle  of  elongation 
is  90°,  or  when,  as  it  is  termed,  the  moon 
is  in  qiAodrotures,  \hft  versed  sine  of 
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li«t  angle  is  equal  to  the  radius,  or  half  the  heavens ;  and  it  is  therefore  a  f^ood 

the  face  of  the  moon  is  visible*.    The  while  before  she  really  becomes  visible, 

dongation  of  the  moon,  together  with  for  she  cannot  be  seen  till  the  li^ht  which 

lie  angle  M  S  E,  always  are  equal  to  this  shereflects  is  sufficient  to  be  distinguished 

Rderior  angle ;  and  consequently,  in  this  from  that  which  the  sun  spreads  gene- 

sase,  the  dongation  =90^  -  M  S  E,  or  rally  over  the  region  of  the  atmosphere 

rery  nearly  =  90® ;  for,  as  M  E  is  about  through  which  the  rays  which  proceed 

lixty  times  the  earth's  radius,  (p.  60)  from  her  must  pass.     The  length  of 

ind  £  S  nearly  24,000  times  the  same  time  therefore  during  which  she  is  not 

raantity,  the  angle  M  S  E  must  necessa-  actually  seen,  furnishes  no  exception  to 

Sly  be  very  small t.     It  is  obvious  that  the  correctness  of  our  results. 
:he  observations  which  we  have  already        There  is  a  remarkable    appearance 

kfailed  correspond  with  these  results ;  presented  by  the  moon  when  the  visible 

ind  the  uniform  manner  in  which  they  part,  accordmg  to  the  principles  we  have 

lo  so,  shows  that  the  figure    of  the  established,  would  be  smsJI,  which  this 

moon  may,  without  material  inaccuracy,  is  the  proper  season  for  explaining.    At 

be  considered  as  spherical.  these  periods  the  whole  of  the  moon*s 

It  is  p«[^aps  necessary  to  observe,  disk  is  frequently  seen,  part  bright,  and 

that  when  we  speak  of  the  moon  as  re-  having  its  magnitude  the  same  with  that 

Becting  light  from  the  sun,  we  do  not  which  we  have  explained  as  the  whole 

mean  that  she  reflects  it  so  as  to  present  visible  magnitude  of  the  moon ;  the  rest 

ill  image  of  the  sun  on  one  point  of  her  visible  by  a  pale  and  delicate  light,  and 

lorface,  like  a  mirror ;  but  that  the  light  appearing,  from  the  ordinary  effect  of 

^s  broken  and  diffused  from  part  to  brightness  in  augmenting  the  apparent 

part  of  her  surface,  and  finally  sent  for-  magnitude  of  objects,  somewhat  smaller 

vrard  to  us  in  such  a  manner  as  to  render  in  its  dimensions  than  the  brighter  part. 

the  whole  surface  of  the- enlisrhtened  The  appearance,  from  this  circumstance, 

part  visible ;  just  as  light  is  diffused  and  also  as  being  oftenest  observed  in  the 

over  bodies  on  the  earth,  which,  if  per-  evening,  soon  after  the  moon's  first  ap- 

GKtly  smooth,  would  only  form  an  image  pearance,  or  after  the  new  moon,  when 

of  the  sun,  but  do  actually  show,  by  re-  more  persons  have  the  opportunity  of 

fleeted  and  broken  light,  the  whole  of  seeing  it  than    in   the  early  morning 

their  own  surface,  its  form  and  colour.  preceding    the    disappearance   of  the 

It  is  evident,  from  the  law  of  varia-  moon  at  the  latter  end  of  the  month, 

don  which  we  have  deduced,  that  almost  has  received,  in  common  speech,  the 

immediatdy  after  the  moon  and  sun  odd  name  of  '  the  old  moon    in  the 

cease  to  be  in  the  same  line,  there  Is  some  new  moon*s  arms.*   The  FVench,  with 

portion  of  the  illuminated  part  of  the  more    accuracy  of   expression,    have 

moon  turned  towards  the  earth.    It  is  named  it,  from  the  pale  colour  of  the 

however  very  small  at  first:  the  versed  greater  part  of  the  moon,  lumiWe  cen^ 

m%  increases    very  slowly  while   the  jdr^e,  or  ashy  light.    The  cause  of  this 

angle  continues  small,  and  it  is  there-  light  is  obvious :  the  earth,  as  well  as 

fore  some  time  before  its  magnitude  l>e-  the  moon,  reflects  light,    and  conse- 

oomes  considerable.    During  this  period  quently,   the   enlightened    part  of  the 

alsothe  moon  is  apparently  near  the  sun,  earth,  or  so  much  of  it  as  is  turned 

and  consequently  m  a  very  light  part  of  towards  the  moon,  will  reflect  light  to 

[ that  body.     Some    of  that  light  will 

^     ,  w        .V    .1        v  *g*i^  he  reflected  back  to  the  earth, 

«LJ{,*£SrSr«J:nrvi;K  *"/?  ^^  even  that  part  of  the  moon 

UfhtqofteMraiffht,  we  vball  know  that  the  exterior  whlch    receives    no  light    directly  from 

ra5oSX".?^.rS"ic:rSd'i:.'„;;.'^*»l?y*  <»«  »"".  may.  bymdirecny  receiving  it 

kaow  tbcTaioe  of  MS  E,  the  Other  angle  of  the  tri.  irom  ttie  earth,  Dccome,  as  we  see  it, 

•a0«.   Hence  the  proportion  of  the  aide*  may  be  faintly  visible.     The  appearance.  bein&T 

■aceiialiMd.  or  of  the  aun'a  and  moon'a  diRtances  xu..-  '^.-^-:^-.^j    u-.*-  •      j  al  ^ 

SSJSeMith.  We  cannot  make  the  neccitary  thus  Occasioned,  has  received  the  name 

•becrvation  of  the  exact  Ume  of  half  moon  with  of  eorthshtne.   The  light  thus  indirectly 

r^;ra.7rf.^Sfm.».T«^.K;'«*;  supplied  must  nece..arily  be  ««  inferior 

hat  this  method  is  worth  noUce,  as  being  the  first  m  quantitv  and  bnghtness  to  that  which 

•vtr  c0pior«i  for  the  purpMe.  having  been  adopted  the  directly  enlightened  part  of  the  moon 

%^foiSSrh«ce  SUtf  o  N  M  s  -  M  E  s  +  receives  immediately  from  the  sun ;  and 

KSS  ahrmys.  in  the  case  of  the  moon.  N  MS-  thuS  the  great  inequality  of  bT\\^\XV<^% 

!S?^':S,'S2rr  -^  rS-Crf^'^*^  « the  two  visible  portioxa  «  w»^TA*d. 

Mf  tiiiitiiirtiaBitMu;  la  tilif  aw«i  -  lon   The  omy  appaxeiiXji^ffi^s^Vf  vaw» 
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from  the  eiremnstaiioe  that  the  apiMtr-   exterior  ani^  of  ikigilian;   nd  ai 
ance  in  quettion  ii  only  seen  when  the    their  yened  anet  inowM  and  dnuMh 


directly  illuminated  part  is  small.    In  when  the  anglea  do  iO»  and  tiia 

reiJity  however  this  seeming  difficulty  parts  areinthepmMrtionof  tfaa 

confirms  the  explanation  given,  for  there  sines,  the  part  of  the  avth  viaildo  frooi 

are  two  obvious  reasons  for  it.    As  the  the  moon  diraimdiea  u  tba  irinbfe  pMt 

directly  illuminated  part  increases,  its  of  the  moon  inoreaaea,  and  of  ooani 

li^ht  becomes  greater,  and  the  light  dif-  the  quantity  of  hg^t  wfaibh  tlw  earth 

fused  over  that  part  of  the  atmosphere  reflects  to  the  moon  dinuniahaa  aha 

through  which  the  moon  shines,  greater  The  power  therefora  of  iHathMiiiidan 

also:  a  stronger  light  therefore  is  re-  the  moon  by  this  liffbt  rdlaetiadmHQbi 

quired  to  be  distinguishable.    But  this  earth,  ia  diminiahea  aa  tfaMi  part  imb. 

is  not  all ;  the  light  actually  supplied  to  by  light  directly  refleetad  ftona  fha  wm 

the  moon  from  the  earth  dimmishes.  is  increased ;  both  bacanae  kaa  laM  k 

The  earth  \mng  a  spherical  Ixxiy,  and  thus  transmitted  to  the  auKm,  aadb^ 

reflecting  light,  appearances  or  phases  cause  more  ia  required  badEbn  it  eai  fel 

will  be  presented  ay  the  earth  to  the  distinguished, 
moon  similar  to  those  which  we,  on  the        We  have  thna  axplakied  the 

earth,  observe  in  the  moon ;   and  all  in  which  the  ^gopiiian  of  tiia 

our  results  will  be  true  for  this  case,  as  which  is  visibia  at  diffisrant  peiiadi  4 

well  as  for  thai  already  examined.   The  the  month  vanea.  Thia  proportion  how- 

order  indeed  will  be  different.     Thus,  ever  is  not  the  (mly  thiw  wmeh  nacM 

when  the  moon  is  invisible  to  us,  Yrnns  observe  with  respect  to  her.    Maaf  m 

between  the  earth  and  sun,  the  earth  gular    marks  and  spota  are  ^ipaMl 

will  turn  the  same  part  to  the  sun  and  upon  her,  from  whion  Tarioua  and  wk 

moon,  and  will  he  visible  to  the  moon  portent  conclusions  may  be  drawn :  W 

with  a  full  face :  when  we  see  the  full  before  we  proceed  to  state  theaa 

moon,  the  earth  is  l)etween  the  moon  vations,  and  draw  from  them  the 

and  sun,  and  therefore  invisible  to  the  ences  to  which  they  lead,  it  wiQ 

moon.       Without    entering  ;into  any  while  to  pause,  and  deduce  from  Hi 

further  detail  of  these  appearances,  as  results  already  obtained  aoi 

visible  at  the  moon,  it  is  evident  that  al)le   consequences,  which 

the  general  principles  on  which  they  tend  to  the  convenience  of 
were  deduced  apply  equally  to  this  case.        The  most  obvious  practical 

and  consequently  that  the  part  of  the  the  moon,  as  fisr  as  mankind 

earth  visible  at  the  moon  varies  nearly  cemed,  is  the  supply  of  light  whislldi 

as  the  versed  sine  of  the  earth*s  exte-  affords    during    the     othorwiaa  '~^ 

rior  angle  of  elongation  there.     The  hours  while  the  sun  is  below  the' 

result  will  be  less  accurate  than  in  the  But  she  herself  ia  rrrmrtinwa 

case  of  the  moon,  on  account  of  the  sometimes  below  the  horison :  aii  a 

earth  s  greater  magnitude  *  :  but  still  it  her  declination  is  continunUy  tam) 

will  be  very  nearlv  so.    In /^.  19,  if  her  periods  of  continuance  ebofaf 

M  £  be  prolonged  to  F.  £  M  S  is  the  horiion   continuidly  Tary    nlco.    B 

earth's  elongation,  as  estimated  at  the  light  also  is  different  at  diffnrcrt  f 

moon,  and  F£  S  is  the  earth's  exterior  riods  of  her  course:  aometimea  aai 

allele    of    elongation.     But  N  M  S  =  sometimes  little,  and  thei'eJme  off  S 

M  E  S  +  M  S  £,  and  consequently  N  M  S  practical    utility  ;    generally    hone 

and  F  £  S  tos^ether,  are  equal  to  M  £  S  enough  to  be  of  materisd    aervioi 

+  F  E  S  +  M  S  £,  or  to  two  right  angles,  the  sailor,  the  traveller,  and  CfM 

+  IVI  S  £,  or  very  nearly  to  two  right  the  husbandman ;  and  this   moat  el 

angles,  as  M  S  £  is  necessarily  very  her  light  is  the  brightert,  or  at  thi 

small.     The  greater  therefore  N  M  S,  moon.     It  therefore  mattera  litth 


or  the  moon's  exterior  angle  of  elonga-  man  whether  she  is  above  or  .._ 
tion,  the  less  is  F  £  S,  or  the  earth *s  horizon  at  night,  as  long  aa  har 
light  is  little  or  nothing;  but  it : 

*  The  real  diameter  of  the  earth  being  aboat  i^  much    importance  that   ahc    ahool 

tSineH  that  of  the  moon,  aud  their  diatance  yery  alx)ve   the  horisOU    at  niffht   Tffim 

coi.Miderable  with  reference  to  it,  the  apparent  dia-  i-   u*  •  -j        ui         xj^      *«y.^^ 

meter  of  the  earth  at  the  moon  will  be  about  u  Jlgnt  IS  COnSiaeraOle.      INOW  thn^  D 

greater  than  that  of  the  moon  at  the  earth,  or  ft  Conditions  Of  her  motlOU,  ahenOCea' 

will  be  about  liy.  nearly  a^.    The  whole  apparent  is.        The    quantity  Of    light   wUd 

magnitudewillbegreaterthanthat  of  themoonlo  ,.«ii^i„    ;„  T,«««*.J*  »ul?   i  "^^ 

us  in  the  proporUon  of  the  aqnare  of  U  to  1,  or  of  rejects    IS    greatest  WHen   her  dU 

mto9,ormor«thiuii8toi.  from  the  sun  ia  greateaUor  nki 
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diilnreiice   of  tbeir   right    asoannons  dcclinationt  or  the  diys  are  shorteit. 

it    180^    or    the   time  between  their  In  this  case  the  moon  would  l>e  at  the 

•lipearaiiceff  on  the  meridian  ia  twelve  full  when  in  the  tropic  of  Cancer,  or  at 

iKHirt.      When  the   moon's    light    is  her  greatest   North    declination;  and 

matest  therefore,  she  is  on  the  meri-  throughout  all  that  half  of  her  orbit  most 

oiaii  at  midnight ;  and  as  her  light  is  remote  from  the  sun,  and  when  more 

always  greater  as  her  distance  from  than  half  her  face  is  visible,  her  dedi- 

the  sun,  and  consequently  as  the  in-  nation  would   be  North;  and  conse- 

terral  of  time  between  tneir  appear-  quently  during  this  whole  period   she 

SDoa  on  the  meridian,  is  greater,  the  would  be  more  than  half  her  time  above 

pviods  of  her  greater  light  will  always  the  horizon,  and  longest  of  all  when  her 

Dring  her  on  the  meridian  nearer  mul-  light  is  the  greatest.      In  intermediate 

BighT,  than  those  of  her  less  brilliancy ;  positions  of  the  sun,  the  results  would 

and  therefore,  taking  the  whole  course  oe  intermediate';  but  it  is  not  necessary 

of  one  of  her  revolutions,  she  will  be  to  enter  into  any  detail  of  them.    The 

above  the  horizon  during  a  larger  pro-  reader  will  have  no  difficulty  in  pursuing, 

portion  of  the  night,  as  her  lignt,  and  if  he  is  inclined,  a  similar  course  of 

eonaeqnently  her  power  of  being  useful,  argument  with  respect  to  them, 

art  greater.   The  nights  however  are  of  Again,  the  greater  the  elevation  of  the 

dillwtnt  length  at  different  periods  of  Pole  above  the  horizon,  the  greater  is 

the  year ;  aiM  consequently,  if  the  moon,  the  ineauality  of  day  and  night,  and  the 

nhtt  at  her  greatest  brightness,  were  longer  does  a  body  with  North  declina- 

alwayt  at  the  same  dechnation,  and  thas  tion  continue  above,  or    a  body  with 

bad  the  same  proportion  of  h^  diurnal  South  declination  continue   below  the 

eourse  above  the  horizon  in    all  these  horizon.     The  more  elevated  the  Pole 

catet,  the  would  supply  light  through  a  therefore,  the  longer  is  the  moon  above 

auoh  smaller  proportion  of  the  long  and  the  horizon   when   her  declination  is 

dark  nights  of  winter,  than  of  the  short  North ;  and  as,  during  the  winter,  her 

and  comparatively  light  nights  of  sum-  declination  is  North,  while  her  light  is 

ntr.    But  this  is  not  the  case.    For  the  greatest,  the  proportion  of  time  during 

porpost  of  illustration,)  we  will  suppose  which  she  continues  above  the  horizon 

&t  moon  to  move  in  the  plane  of  the  while  her  light  is  greatest,  [increases  at 

teUpCic^  and,  as  usual,  that  the  North  that  season  as  the  latitude  increases,  or  as 

Pom  it  above  the  horizon.     The  full  the  nights  themselves  are  lonsrer.  Taking 

moon  takes  place  when  the  difference  the  extreme  case,  where  the  Pole  is  in  tm 

of  longitude  of  the  sun  and  moon  is  zenith  the  moon  will  never  set  while  her 

180^.    Taking  then  the  extreme  cases  declination  is  North ;  and  at  the  winter 

of  tht  two  sMstices,  it  is  evident  that  solstice  it  will  be  so  during  the  whole 

when  tht  snn  it  at  the  summer  solstice,  time  that  more  than  half  her  face  is 

or  in  the  tropic  of  Cancer,  the  full  moon,  visible.    There  will  therefore  be  a  fort- 

bting  180^  dattant,  would  be  in  the  tropic  night  of  the  brightest  moonlight  at  that 

of  Caprioom ;  the  sun  therefore  being  at  season  when  the  night,  from  the  com- 

liit  mttett  North  declination,  the  moon  plete  al)sence  of  twilight,  would  other- 

woiud  be  at  her  greatest  South  declina-  wise  be  darkest.    There  will  always  be 

tioo :  and  throughout  all  that  half  of  her  a  fortnight  at  a  time,  there;  during  which 

orbit  whidi  is  most  distant  from  the  the  moon  will  be  above  the  horizon ;  but 

ton,  and  whore  consequently  her  light  is  as  the  sun  approaches  the  equinox,  the 

freatttt  and  more  than  half  her  face  light  given  by  the  moon  during  part  of 

visiUtthor  declination  would  be  South,  this  rortnight  will  diminish.     At  this 

In  thit  oase  then,  when  the  sun  having  time  however  it  may  better  be  spared, 

hit  greatest  North  declination  the  day  is  for  by  this  time,  though  the  sun  does 

loQgett,   the   moon   would   have-  her  not  appear  on  the  horizon,  there  will  be 

ipneolttt  South  decimation,  and  be  least  a  considerable  twilight 

tane  above  tht  horizon^  when  at  the  full :  It  is  abundantly  plain,  that  the  same 

and  dnrinff  tht  whole  time  that  more  consetjuences  will  follow  from  South  de- 

than  half  near  face  is  visible,  her  decli-  clination  where  the  South  Pole  is  above 

aation  woukl  be  South,  and  less  than  the  horizon,  as  we  have  seen  to  follow 

balf  of  her   diurnal  course  would  be  from  North  declination  where  the  North 

abort  tht  horizon.    Extctly  tht  con-  Pole  is  so :  and  thus  that  this  beneficent 

tnrj   raniht   would   evidently  follow  provision,  by  which  the  greatest  quan- 

iHmd  tht  ton  it  in  tht  tropic  (»  Capri-  tity  of  moonlight  is  afforded  to  those 

aoi%  tibm  bt  hat  hit  grtatett  South  regiont  and  at  thott  seasont  in  which 
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it  is  most  wanted,  is  general  over  the  from  the  manner  in  which  those  opera- 
whole  earth.  tions  are  conducted. 

The  moon  however  moves  not  in  the        Another   application    of    the   same 

plane  of  the  ecliptic,  but  in  one  indkied  principles  of  reasoning,  and,  although  in 

to  it  at  an  angle  of  a  little  more  than  5^;  an  inferior  degree,  a  similar  instance  of 

but  this  difference  will  not  materiallv  a  beneficial  result  arising  inddentally 

affect  the  results  we  have  obtained.    It  from  the  operation  of  the  general  laws 

will  indeed  at  different  times,  according  established  in  nature,  will  be  fomud  in 

to  the  place  of  the  nodes  of  the  moon's  the   explanation   of   the   phenomenon 

orbit,  very  materially  affect  the  actual  known  by  the  name  of  the  harvest  moom. 

length  of  time  during  which  she  is  above  Whether  we  consider  the  moon  as  mov- 

the  horizon ;    but    she   never    can  be  ing  in  the  plane  of  the  ecliptic*  or  in 

distant  much  more  than  5^  from  the  that  of  its  real  orbit,  the  vanation  of  its 

ecliptic,  and  so  much  only  during  a  declination  will  be  most  rapid  where  its 

very  small  portion  of  her  course.     The  orbit  cuts  the  e(|uator ;  and  as  no  pait 

ecliptic  itself  is,  at  its  greatest  distance,  of  the  real  orbit  is  much  more  than  5^ 

more  than  23^  from  the  equator.     The  distant  from  the  ecliptic,  its  intersection 

distance  of  the  moon  from  the  eclip-  with  the  equator  cannot  be  far  distant 

tic  therefore,  being  so  much  smaller,  from  the  intersection  of  the  ecliptic  with 

cannot,  except  for  a  very  small  space  the  equator.  The  moon  therefore  moves 

comparatively,  vary  the  nature  of  our  most  rapidly  Northward  when  near  the 

results,  though  it  will  their  amount ;  or  equator,  and  also  near  the  first  point  of 

make  that  declination  North  which  would  Aries;  most  rapidly  Southward  when 

otherwise  be  South,  or  the  contrary.    It  near  the  equator  and  the  first  point  of 

cannot  even  materially  alter  the  point  at  Libra. 

which  the  declination  would  be  greatest.  When  the  sun  is  near  one  equinoctial 
though  it  may  make  that  greatest  decli-  point,  the  moon,  when  full,  is  near  tiie 
nation  differ,  in  different  cases,  by  up-  other,  and  necessarily  near  the  eqoa- 
wards  of  10^.  Thus,  if  we  suppose  the  tor  also.  The  difference  of  their  nght 
nodes  of  the  moon's  orbit  to  coincide  ascension,  estimated  in  time,  is  12  hom; 
with  the  equinoxes,  the  moon,  when  90°  and  this  is  also  the  length  of  the  day  at 
from  the  node,  will  l>e  about  5°  North  that  period.  The  moon  theref<Mne  will 
or  South  of  the  ecliptic  at  the  tropic  of  rise  in  the  East,  just  as  the  sun  sets  in 
Cancer,  as  the  part  of  her  orbit  between  the  West.  As  the  moon  completes  her 
the  vernal  and  autumnal  equinox  is  that  revolution  round  the  earth  in  a  little  less 
which  lies  above  or  below  the  plane  of  than  28  days,  her  motion,  if  uniform, 
the  sun*s  orbit,  or,  in  other  words,  as  the  would  be  at  the  rate  of  about  1 3^  a  day ; 
node  which  is  at  the  vernal  equinox  is  or,  omitting  any  consideration  of  toe 
the  ascending  or  descending^cxle.  Her  manner  in  which  the  obliquity  of  her 
declination  at  this  point  therefore  in  the  orbit  would  affect  the  results,  she  would 
one  case  will  be  about  28°  30'  N.,  in  the  come  to  the  meridian  of  the  place  about 
other  only  18°  30'  N. ;  but  in  each  case  52  minutes  later  on  each  successive  day. 
it  will  be  the  greatest  North  declination  If  therefore  her  declination  continued 
which  during  that  revolution  she  attains,  the  same,  as  she  would  idways  be  an 
When  however  the  node  is  not  at  the  equal  time  above  the  horizon,  sne  wouki 
equinox  and  solstice,  this  will  not  neces-  rise  and  set  about  52  minutes  later  every 
sarily  be  the  case,  but  it  can  never  differ  day :  but  when  she  is  near  the  first 
much  from  it.  We  may  therefore  con-  pomt  of  Aries,  her  declination,  and  con- 
clude our  results  to  be  generally  true ;  sequently  the  period  during  which  she  is 
and  we  thus  see  that  the  shape  and  mo-  above  the  horizon,  rapidly  increases; 
tions  of  the  moon,  and  the  manner  in  and  consequently  she  is  longer  above  the 
which  she  reflects  light  to  the  earth,  are  horizon  before  reaching  the  meiidiatt, 
so  ordained  as  to  make  her  most  service-  and  the  time  of  her  rising  is  not  re- 
able  whenever  and  wherever  her  services  tarded  nearly  to  this  average  amount 
are  most  wanted ;  an  incidental  conse-  of  52  minutes.  The  time  by  which  her 
quence  indeed  of  the  general  laws  go-  setting  is  retarded  is  increased  by  as  great 
veming  her  motion,  but  one  of  the  many  a  quantity  as  that  by  which  the  retarda- 
remarkable  instances  in  which,  through-  tion  of  her  rising  is  diminished.  The 
out  the  appearances  of  Nature,  we  see  degree  of  effect  thus  produced  diffien  in 
not  only  that  the  general  sco|)e  and  ten-  different  regions  of  the  earth :  here  it  it 
dency  of  her  operations  are  beneficial,  but  such  that  for  two  or  three  days  tbe  moon's 
that  collateral  benefits  continually  flow  rising  is  nearly  us  much  aoccierated  hf 
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upon  her  surfiice,  and  an^  of  these  be 

her  motion  Northward  as  it  is  retarded  Section  III. — On  ike  moorCi  rotation 

bv  the  continually  later  period  at  which  on  ofi  axis — Libration  in  latitude-^ 

she  comes  to  the  meridian :  the  conse-  Libration  in  longitude-^Diurnal  li* 

guenoe  therefore  is  that  she  appears  dur«  bration, 

iDK  th^  time  to  rise  at  venr  nearly  Uie  ^,  „owproceed  to  the  consideration  of 
same  hour,  tl»t«  to  say^almMt  at  them-  ^j^er  observations  which  we  can  make 
■tant  of  sun«t  Bright  moonlight  there-  ^  ^  appearances  of  the  moon,  besides 
fore  (when  the  moon  is  fuU  near  Anes,  t^ose  wfiJbh  we  have  already  explained 
or  the  sun  is  near  Libra)  for  two  or  three  „  to  the  proportions  of  her  fie.  ordi»k. 
days  «nm«liately  succMds  the  disap-  ^^ich  we  seVat  different  times  in  the 
pearance  of  tl»  sun;  and  as. ^  the  ^  ^^^^^  j.  j,  jhat  the 
nersl  coune  of  the  seasoiu.  this  penod  ^^on  does  not  present  (as  the  sun  does. 
18  about  the  bMnnning  of  autumn,  or  ^  j^^  t„  the  naked  eye)  an  unifoml 
the  dose  of  harvMt-time,  when  the  face  of  uninterrupted  light,  but  that  she 
opportumty  thus  afforded  of  carrying  chequei^  anS  diversified  with 
pa  the  worTfs  of  husbandry  after  sunset  ^Skish  spots  and  lines :  indeed  these 
IS  often  very  valuable,  we  speak  m  com-  j^^g  bee^  ^  constantly  the  subject  of 
mm  language  of  the  harvest  mam.  observation,  that  in  moit  countries  fan- 
when  we  speak  of  her  as  rising  at  that  ^^f^  resemblances  have  been  imagined 
•eason  successively  for  two  or  three  for  them ;  and  we  still  hear  of  thrman 
nights  neariy  at  the  same  Ume.  |„  y,e  moon,  his  bush,  and  his  dog*.  The 
About  the  vernal  equinox,  exactly  ■  probable  cause  of  these  appearances  wiU 
reverse  operation  must  take  place,  the  jQ^  ^^t^r  of  consideration  Lreafter ;  but 
moon  when  fuU  is  then  near  the  equator,  independently  of  any  such  speculations. 


Kre«iwi.      «cr  ^l^pciiraiiuc  u..  iuc  men-  fact  With  rCSpect 

dian  still  continues  to  be  later  from  day  mQQr, 

to  day ;  but  u  her  periods  of  being  above  ,  ^s  'we  have  the  means  of  making  these 

the  homon  dimmish,  her  nsing  and  set-  observations  upon   the  surface  of  the 

ting  will  each  be  brought  nearer  to  the  ^^^^  ^^  ^an  tell  by  them  what  part  of 

lime  of  her  being  on  the  mendian,  and  j,„  ^^^  j^  ^^^^  towards  us.  If  these 

!^L  "SJ'Jg  w^^e':efore  additionally  re-  appearances  are  from  time  to  time  dif- 

tarded,  but  the  time  of  her  setting  is  f^^^^  j^  ^.^^^^  ^  „at^,ral  to  conclude 

accelerated.   Instead  therefore  of  setting  that  different  parts  ofthe  moon  are  at  dif- 

eyery  day  considerably  later,  her  settings  f^^t  periods  presented  to  us :  if  they  are 

at  this  penod  are  nearly  at  the  same  always  the  same,  the  same  part  of  the 

time  for  two  or  three  days  near  the  full  „^^^  jg  ^        ^^^^^  towardi  us.  unless 

moon ;  and  for  the  same  reason  as  be-  j^j^  ^j  ^er  parts  are  marked  so  exactly 

lore,  her  setting  must,  at  the  full  moon,  ^j^e  that  the  one  would  be  indistinguish- 

be  just  whra  the  sun  rises.    For  two  or  ^^Ae  from  the  other.  This  however  is  not 

three  days  therefore  at  this  penod,  the  ^^  ^^^    ^^^  ^^  ^  at  the  period  of  full 

moon  sets  just  about  sunnse.    The  re-  ^^^^  YinlU  or  very  near  half,  the  surface 

suit  IS  of  no  practical  importance  here;  ^^  ^^^  ^^^^  and  the  marks  and  siwta 

but  It  furnishw  another  instance  of  the  ^j^j^  ^y^^^^  i^  i,  diversified:  and  these, 

application  of  the  same  pnnciple,  and  ^j^e„  examined  through  a  telescope,  are 

18  therefore  inserted  to  familumze  the  ^  different  in  their  character,  that  any 

wader  with  It.  Besides,  although  unim-  alteration  in  their  position  with  respect 

portant  m  this  hemisphere,  the  mhabi-  ^o  us  would  be  immediately  detected. 

lants  of  the  Southem  half  of  the  world,  ^g  are  thus  able  by  observation  to  as- 

who  have  their  autumn  at  the  time  of  ^e^ain  what  part  of  the  moon's  face  is 

our  spring,  are  thus  funushed  in  their  presented  to  us :  and  we  are  so.  whether 

turn  with  the  advantage  of  a  harvest  f^^  f^^^  ^^^^^  ^r  any  smaller  portion  of 

moon.    Of  course  m  every  revolution  of  y^^^  ^^^^  y^  presented  to  us.  because,  if 

the  moon  thoie  are  penods  when  her  ^^  ^^^  j^am  to  distinguish  the  marks 
nsing  and  setting  are  thus  affected,  for 

they  must  be  so  whenever  her  orbit    — — — — 

crosses  the  equator :  but  they  excite  little  •  uoon.  au  that  i  have  to  say.  is,  to  ten  you, 

observation  m  other  instances,  not  being  that  thU  Untcrn  t*  the  moou }  I.  the  man  in  the 

then  connected  with  the  close  or  the  ^^ii^;^^oTu-hn.h,mjthorn.bi»hiMud  thi» 

bq^inning  of  day.  ^  '       MUbummer  Nigkl^t  Dream,  Ac  i V.  ■•  !• 
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upon  the  part,  however  small,  which  is  farther  to  produce  Ihe  tame  effect  at  a 

actualiy  visible  to  us,  we  see  what  part  greater  distance,  as  C  or  D,  and  must 

of  her  disk  that  is,  and  consequently  in  have  turned  half  round  to  make  the 

what  manner  she  is  placed  with  respect  same  side  face  the  earth  at  £.  one  ex*^ 

to  us.  tremity  of  the  diameter  AE,  which  had 

•    The  result  of  these  observatiops  is,  done  ao  at  A,  the  other.  The  same  motioa 

that  very  nearly  the  same  part  of  the  must  evidently  continue  beyond  £ ;  ftod 

moon  is  always  turned  towards  us :  there  that  the  same  part  of  the  moon  may 

are  some  slight  difiTerences  ui  the  a|>  a^in  be  presented  to  the  earth  onlier 

pearances  presented  at  different  pcrioas  return  to  A,  the  revolution  must  be 

of  the  month,  but  they  are  so  small  that,  completed  at  her  return  to  A»  and  not 

for  the  present,  they  may  be  left  out  of  sooner.    There  is  then  a  revolution  of 

our  consideration*    Hence  we  may  easily  the  body  of  the  moon,  and  it  ia  conoh 

ascertain  that  the  moon  must  herself  have  pleted  during  the  space  oi  a  periodia 

a  motion  of  rotation,  and  that  the  period  month  *;  for  it  is  obvious  that  the  poai^ 

of  her  rotation  must  be  the  same  as  that  tion  of  the  sun  has  nothing  to  do  with 

of  her  revolution  round  the  earth.    Re-  the  part  of  the  moon  whksh  is  really 

ferring  again  io  Jig,  16,  we  may  take  the  turned  towards  the  earth,  though  it  det 

figures  in  the  inner  circle  to  represent  termines  that  which  is  visible,  and  eoAt 

different  positions  of  the  moon ;  and  the  sequently  that  the  time  of  rotation  is  Hit 

$hadcd  part  of  the  figure,  A,  will  repre-  same  with  that  of  the  moon*8  return  to 

sent  the  half  turned  to  the  earth  in  that  the  point  A,  not  as  a  point  situated  ben 

position,  the  white  part  the  part  turned  tween  the  earth  and  the  sun,  but  as  a 

from  it.    As  in  the  figure  the  boundaries  point  in  a  given  direction  from  the  earth; 

of  the  white  and  snaded  part  in  the  or,  in  other  words,  that  it  is  the  aame 

figures  of  the  inner  circle  are  parallel  in  with  the  length  of  the  periodic^  not  of 

each  case,  the  shaded  part  may  in  every  the  synodic  revolution, 

case  represent  the  side  of  the  moon  In  the  figure,  as  drawn,  the  moon  ii 

which  was  turned  to  the  earth  at  A,  if  merely  represented  by  a  circle  drawn  on 

we  suppose  that  the  moon  has  no  motion  the  plane  of  the  paper ;  which  obvioualjr 

of  rotation.   The  part  of  the  moon  actu-  represents  that  of  the  moon's  orbit,  and 

ally  turned  towards  the  earth  will  in  the  rotation  deduced  would  be  rotatioo 

each  case  be  very  nearljr  represented  bv  in  that  plane,  or  round  an  axis  perpendi- 

the  part  within  the  circle  joinmg  A,  B,  u,  cular  to  that  plane.     If  however  the 

&c.      It  is    obvious    therefore    from  axis  round  which  the  moon  tuma  is 

inspection  of  the  figure,  that,  if  the  inclined  at  any  angle  to  that  plane^  the 

moon  has  no  motion  of  rotation,  a  differ-  appearances  would  be  different.    Let  ua 

ent  part  of  her  surface  will  be  presented  call  the  extremity  of  the  axia  elevated 

to  the  earth  in  every  different  position,  above  the  plane  of  the  paper,  M,  thai 

Thus  at  A  she  presents  one  sioe  to  the  depressed  below  it  m ;  and  kt  ua  aim* 

Sim,  the  oi^site  side  to  the  earth,  at  £  pose  that  the  axis  is  eveiywhere  paru* 

she  would  present  the  same  side  which  fel  to  itsdf,  and  that  at  the  point  A»  the 

she  before  presented  to  the  sun,  to  the  extremity  M  is  inclined  a  little  towaida 

earth  also ;  and  in  the  intermediate  po-  the  earth,  and  of  course  the  extremity 

aitions,  6,  C,  D,  she  would  continually  m  a  little  away  firom  it.     it  is  plain 

turn  towards  the  earth  less  and  less  of  the  that,  on  this  supposition,  an  observer  at 

part  turned  towards  it  at  A,  as  the  po-  the  earth  would  have  turned  towards 

sitions,  B,  C,D,  themselves  successively  him  a  part  of  the  moon  a  little  bt^ond 

became  more  distant  from  A*    We  find  M,  and  that,  towards  the  other  side,  he 

however  that  this  is  not  the  case,  but  that  would  not  see  quite  so  Celt  as  m.    When 

at  every  position  very  nearly  the  same  the  moon  arrived  at  £,  these  appearances 

part  of  her  surface  is  turned  towards  the  would  be  reversed;  the  position  of  the 

earth.    This  can  only  be  done  in  one  axis  continuing  parallel  to  itself,  but  its 

way.    If  the  same  part  of  the  moon  is  situation  with  respect  to  the  earth  being 

to  be  turned  towards  the  earth  at  B,  reversed,  the  extremity  m  would  now  be 

which  was  so  at  A,  or  the  shaded  part  inclined  as  much  towards  the  earth,  as 

in  the  figure  is  to  coincide  with  the  part  . 

within  the  connecting  circle,  it  can  only  •  We  shall  hereafur  find  that  this  remarkabto 

do   so   bv  a  turnintr  of  thp   monn  in  <hp  ^*^  obtains,  as  far  as  we  can  discoyer  by  obaer- 

UO   so   oy  a  Turning  01  ine   moon  in  me  yaHon,  in  the  case  of  «1!  satellites,  or  bodle.  of  tht 

same  direction,  so  as  to  bring  it  into  the  ume  order  as  th«  moon  ;    that  tbey  «21  hmw  • 

required  position ;  and  in  the  same  man-  motion  <»^J"\fVw  "•  ""*^  *"  p«rform  it  in  the  «um 

-.^-    4U                            tu          A          j.i  time  »n  which  they  move  once  rouod  the  prindoil 

ner  the  moon  must  have  turoed  yet  pianet  wwch  they  »ucnd.    .             ^      ^ 
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Hi  the  foiteer  position  M  was ;  and  as,  to  describe'  180^,  a  quarter  of  it  'to  de- 

Hi  the  former  case,  an  observer  would  scribe  90o,  and  a  tenth  of  it  to  describe 

have  had  exposed  to  him  parts  beyond  36°  on  her  axis,  in  whatever  part  of  her 

M»  but  not  those  extending  to  m,  he  would  orbit  this  time  be  taken,  she  will  not 

BOW  have  turned  to  him  parts  beyond  take  accurately  these  same  proportions 

mt  but  would  not  be  able  to  observe  of  time  to  describe  the  corresponding 

tiioae  extending  to  M.     There  would  angles  of  180^,  90°,  and   36°  around 

therefore  be  a  sensible  difference  in  the  the  earth  in  every  part  of  her  orbit.    At 

parts  which  he  could  observe  under  the  some  periods  therefore,  when  the  moon's 

two  circamstances.    It  is  plain  also  that  motion  in  her  orbit  is  less  than  her 

there  would  be  similar  and  correspond-  mean  motion,    she    will    have  turned 

ing  changes  of  appearance  in  the  mter-  farther  on  her  axis  than  is  necessary  to 

mediate  situations:  it  is  not  necessary  keep  the    same   face    directly    turned 

to  enter  into  detailed  consideration  of  towards  the  earth ;  at  other  times,  when 

them.   The  facts  actually  observed  how-  the  moon's  motion  exceeda  the  mean 

ever  are  found  to  correspond  with  the  motion,  she  will  not  have  turned  siiffi* 

results  deduced  upon  this  supposition  of  ciently  far  on  her  axis  for  that  purpose  ; 

a  rotation  on  an  axb  moving  parallel  to  and  the  consequence  would  be,  tnat  in  the 

itsei(  but  not  quite  perpendicular  to  the  former  case  a  small  part  of  the  moon  on 

plane  of  the  moon*s  orbit.    The  points  the  side  towards  which  her  motion  in  her 

M  and  m  are  called,  from  their  corre*  orbit  takes  place  would  be  seen  which  had 

spondence,  which  will  hereafter  appear,  not  been  so  in  her  original  position :  in 

with  the  points  called  the  poles  of  the  the  latter,  a  small  part  of  that  side  of 

earth,  the  pole$  of  the  moon ;  and  the  the  moon  away  from  which  she  moves : 

great  chde  perpendicular  to  the  axis  of  or  as  the  motion  of  the  moon  Tound  the 

the  moon,  is  called  for  a  similar  reason  earth  is  from  West  to  East,  speaking 

the  equator  of  the  moon.    The  phe-  generally,  in  the  former  case  some  <S 

nomenon  which  we  have  been  explaining  the  Eastern  side  of  the  moon,  in  the 

of  the  appearance  of  different  parts  of  latter  some  of  the  Western,  will  be  seen, 

the  moon's  surface,  differently  situated  beyond    what    was    originally    turned 

with  respect  to  these  poles,  is  called  the  towards  the  spectator.    The  poles  of  the 

moon's  lihration  (rocking  or  balancing)  moon  would  be  unaffected  by  the  motion 

m  icUitude,  l)ecause  terrestrial  latitude  of  rotation,  and  of  course  by  its  equality 

b  reckoned  by  the  distance  from  the  or  inequality.    These  appearances  again 

terrestrial  equator  and  its  poles,  and  the  are  actually  found  to  take  place,  and 

corresponding  measure  on  the  moon*s  are  known  by  the  name  of  the  moon's 

surface  is  therefore  called  lonar  latitude.  KbraHon  in  longitude^  from  an  analogy 

From  the  amount  of  this  libration,  the  between  the  lines   and  points  on  her 

degree   of   inclination   of  the  moon's  surface,  and  those  on  the  earth,  hke  that 
to  her  orlMt 


nt  may  be  ascertained :  to  which  we  have  already  referred  in 

the  angle  is  84°  5 1 '  l  r ;  or  it  is  5°  8^  49^  speaking  of  the  libration  in  latitude. 
out  of  the  perpendicular.  There  is  still  another  phenomenon  of 

Thtt  however  is  not  all.    The  bound-  the  same  kind.    The  pi^  of  the  moon 

ary  of  the  part  of  the  moon  presented  to  presented  to  an  observer  at  any  place 

the  earth  is  a  circle  of  the  moon,  of  which  is  bounded  by  a  circle  perpendicular  to 

the*  plane  is  perpendicular  to  the  radius  the  line  joining  his  place  and  the  centre 

vector.    The  angle  therefore  which  the  of  the  moon.    To  observers  at  different 

positions  of  these  planes  will  make  with  places,  therefore,  appearances  in  some 

each   other  at  different  points  of  the  degree  different  will  be  presented;  for 

offfoit,  will  be  equal  to  the  an^  made  by  the  moon  is  not  so  distant  from  the 

the  radii  vectores  at  these  points.    The  earth  but  that  the  lines  joining  her 

moon  however  moves  in  an  ellipse,  and  centre  with  different  spots  on  the  earth's 

consequently  her  angular  vdocity  is  not  surface  may  make  a  sensible  an^le ;  in 

miifonn :  the  angle  traced  by  the  radius  the  extreme  case  not  less  than  twice  the 

vector  therefore  wiU  not  increase  in  the  horizontal  parallax    of  the  moon,  or 

exact  proportion  of  the  time.    If  then  nearly  2°  on  an  avera^ :  and  this  angle 

the  rotation  of  the  moon  be  uniform,  will  be  that  of  the  inclination  of  the 

as  well  as  complete  in  the  periodic  time  planes  bounding  the  T^art  of  the  moon 

of  the  moon,  she  will  describe  360°  on  visible  at  each  situation.     A  simihir 

her  axis,  in   the  same  time  that  she  consideration  will    explain    a  further 

takes  to  describe  360°  round  the  earth:  variation  of   the  appearances  of  the 

twt  wfaile.sbe  takts.c>a«tfy  half  ttis  time  moon,  irluch  every  day  presenia  to  w% 
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When  the  moon  rises  m  the  East,  an  same  face,  or  Very  tetoAy  so,  towards 

observer  on  the  earth's  surface  will  see  us,  we  are  able  to  observe  it,  by  the  ud 

a  littie  more  of  her  Western  and  then  of  powerful  telescopes,  with  great  ao- 

upper  side,  than  he  would  do  if  placed  curacy.     The  consequence  has  been, 

in  the  centre  of  the  earth ;  and  when  that  maps  of  that  part  of  its  surface 

■he  is  setting  in  the  West,  he  will  see  a  which  is  exposed  to  us  have  been  eon* 

little  more  of  her  Eastern  and  then  structed,  and  that  we  have  obtained 

upper  side.     Thus,  if  in  J^.  16  C  re-  considerable  knowledge  of  its  constito- 

present  the  moon  when  rising,  G  when  tion  as  well  as  of  its  motions, 

setting,  to  an  observer  at  the  point  On  looking  at  the  moon  through  a 

T,  on  the  siuface  of  the   earth,  and  powerful  telescope,  we   observe  very 

O    B   A  H    G    the   direction  of  its  different  degrees  of  brightness  in  w- 

daily  course,  from  East  to  West,  the  ferent  parts  of  the  surface,  and  espe- 

side   turned  towaids    A    will  be  the  cially  some  bright  spots,  whidi  have 

Western  side  when  the  moon  is  rising,  beyond  them,  in  the  direction  opposite 

the  Eastern  side  when  it  is  setting ;  and  to  that  of  the  sun,  a  comparattvdy  daik 

it  is  obvious  that  the  observer  at  T,  shadow.     The  length  and  position  of 

being  nearer  to  the  point  A  than  an  this  shadow  vary  as  the  position  of  the 

observer  at   Uie  centre  of  the  earth  spot  with  relation  to  the  sun  varies ;  the 

would  be,  he  will  see  rather  more  of  shadow  being  always  opposite  to  the 

those  pails  which  are  turned  towards  sun,  but  longer  or  shorter  as  the  sun  is 

A.    In  interm^iate  points  there  will  more  or  less  elevated  above  a  plane 

be  corresponding  varieties  of  appear-  touching  the  moon  at  that  point,  or  the 

ance.    This  is  called  the  diurnal,  or  horizon  of  that  point  of  the  moon.    It 

paarallactic,  libration,  is  obvious,  from  these  appearances,  that 

A  certain  degree  of  variation  in  the  the  dark  part  is  really  a  shadow  created 

appearances  presented  by  the  moon  is  by  the  interposition  of  the  bright  spot 

thus  shown  necessarily  to  exist,  on  the  between  it  and  the  sun,  or  that  the 

supposition  of   her    uniform    rotation  bright  spot  is  an  elevation  above  the 

round  a  Hxed  axis ;   and  the  appear-  general  level  of  that  part  of  the  moon 

aiices  which  actually  exist  are  found  where  it  stands,  or  a  mountain  in  the 

very  nearly  to  correspond  with  that  moon. 

supposition.  But  in  this,  as  in  almost  We  are  led  to  the  same  conclusion 
every  astronomical  result,  we  are  of  the  exbtence  of  mountains  in  the 
obliged  to  qualify  our  first  conclusions  moon  by  another  remarkable  appear- 
in  onier  to  arrive  at  complete  correct-  ance.  The  inner  or  oval  edge  of  the 
ness.  We  find  that  the  appearances  moon  is  the  boundary  of  light  and  dark- 
presented  so  nearly  correspond  with  ness  there.  If  the  moon  were  perfectly 
those  necessary  on  the  supposition  of  smooth,  tiiis  boundary,  as  we  have  seen, 
uniform  rotation  round  a  fixed  axis,  would  be  a  perfect  circle,  and  its  i^ 
that  we  are  induced  to  conclude,  in  the  pearance  would  be  that  of  an  accurate 
first  instance,  that  this  supposition  is  ellipse ;  but  if  there  are  inequalities  oa 
strictly  true  ;  but  more  minute  obser-  the  moon's  surface,  some  of  the  higher 
vation  teaches  us  that  it  is  not  so.  We  points  beyond  the  line  which  wouM  be 
have  indeed  no  reason  to  doubt  the  the  boundary  of  the  visible  part  if 
uniformity  of  the  motion  of  rotation;  smooth,  would  project  into  die  lignt,  and 
but  the  position  of  the  axis  itself  is  would  be  visible  sometimes  even  while 
found  not  to  be  invariably  the  same,  the  depressed  parts  between  them  and 
It  is  always  inclined  at  the  same  angle,  the  boundary  would  be  in  shadow, 
or  very  nearly  so.  to  the  lunar  orbit;  but  Thus  upon  the  earth's  surface  the  to^ 
its  direction  is  different,  for  it  is  always  of  mountains  continue  to  receive  the 
perpendicular  to  the  line  joining  the  light  of  the  sun  after  he  has  set  to  the 
nodes  of  the  orbit ;  and  as  they  make  valleys  or  plains  below  them.  Now 
a  complete  revolution  in  6793.42118  these  are  exactly  the  appearances  pie- 
days,  the  axis  of  rotation  of  the  moon  sented  by  the  inner  edge  of  the  moon 
will  in  that  time  go  through  all  its  posi-  when  seen  through  a  tdescope :  what- 
tions  with  respect  to  the  heavens.  ever  portion  of  the  moon  be  visible,  the 

Section  W. -^Mountains  of  the  Moon  tfr.l^JJt?^'^^  I^'^'^^'a  ^'^^  """? 

^Volcanoes ^Atmosphefe    of    the  W  ^^H  S^fr  '^  *'^^''"?*^^''??' 

Moon  ^  "^'  *""  ^**"  *®°^®  insulated  points 

-                         ^.      „     .      .         ,  completely  beyond  that  line,  and  not 

Thk   moon   contmually  tummg  the  coonectea  with  it  by  any  lines  of  lig^ 
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It  is  evident  that  the  former  must  be  ness ;  but  if  B  represent  the  top  of  a 
elevated  ridges  rising  above  the  general  lunar  mountain,  whose  height  is  C  B, 
surface  of  the  moon ;  the  latter,  single  B  will  just  receive  the  ray  SAB,  and 
points  y^  more  elevated,  and  more  dis-  will  therefore  be  visible.  The  distahcei 
tant  from  the  part  generally  enlight-  A  B,  from  the  general  boundary  of  light 
cned.  We  conclude  therefore  that  and  shade,  may  be  observed.  It  will  not 
the  surface  of  the  moon  is  everywhere  indeed  be  seen  except  in  particular 
lagged,  without  any  great  plains  or  cases,  perpendicularly  to  the  line  joining 
large  spaces,  like  the  sea  here,  covered  the  observer  and  the  moon ;  but  from 
yt ith  water  or  anv  fluid,  which,  from  the  the  observed  distance,  the  real  distance  of 
laws  regulating  the  equilibrium  of  fluids,  A  B  may  be  computed ,  the  inclination  at 
iRTould  necessimly  have  a  smooth  surface,  which  it  is  seen  being  known ;  and  from 
It  may  seem  that  corresponding  the  real  distance,  as  computed*  the 
appearances  ought  to  be  presented  by  angle  A  M  B,  and  the  height  B  Ct 
the  other  limb  of  the  moon,  and  that,  may  be  ascertained.  A  B  is  necessarily 
just  as  the  sun*s  rays  enlighten  pro-  greater  than  B  C ;  but  this,  though  it  lA 
minent  objects  l)eyond  that  part  of  her  one,  is  not  the  only  reason  why  the 
surface  which  he  generallv  shines  upon,  distance  of  an  elevated  point  from  the 
^e  ought  also  to  be  able  to  see  pro-  boundary  of  the  enlightened  part  of  the 
minent  points  beyond  the  part  of  the  moon  is  more  easily  observed  than  its 
moon  durectly  turned  towards  us.  And  actual  prominence.  We  may  now  sup* 
it  is  so ;  but  though  such  points  are  pose  S  to  represent  the  direction  of  an 
actually  presented  to  our  view,  they  are  observer  upon  the  earth ;  in  which  case 
scarcely  distin^ishable  to  our  senses,  it  is  plain  that  A  will  represent  a  point 
even  when  assisted  by  powerflil  instru-  in  the  boundary  of  that  part  of  the  moon 
ments.  It  will  be  worth  while  to  explain  which,  if  she  were  perfectly  smooth, 
the  cause  of  this  dlflerence,  especially  would  be  visible  from  S.  The  observer 
as  it  will  show  also  how  we  are  enabled  at  S,  however,  will  be  able  to  see  the 
to  estimate  the  height  of  lunar  moun-  point  B,  if  that  be,  as  l)efore,  a  point 
tains.    For  this  purpose,  'mfg.  20,  let    elevated  al)ove  the  general  surface  of  th6 

moon ;  but  he  will  see  it  in  the  line 
S  A  B,  or  in  the  same  direction  with  the 
point  A,  the  extreme  point  of  that  part 
of  the  moon,  which,  independently  of 
these  prominences,  would  be  presented 
to  him:  andhe  will  not  distinguish  it  as 
projecting  beyond  the  general  surface  of 
the  moon,  though  it  is  only  by  virtue  of 
this  projection  mat  it  is  brought  within 
his  view  at  all.  A  similar  mountain 
situated  between  the  points  A  and  C 
ilie  arc  C  A  represent  a  part  of  the  would  indeed  project  beyond  the  line 
moon's  surface,  and  SAB  any  A  B,  and  be  partly  distinguishable ;  and 
straight  line  touching  it ;  and  let  B  be  in  the  extreme  case  of  its  being  situated 
any  point  in  that  line,  and  join  B  with  exactly  at  A,  it  would  project  thus  by 
M,  the  centre  of  the  moon.  The  part  of  its  whole  height ;  but  even  then,  as  we 
the  line  B  C,  intercepted  between  B  and  have  already  seen,  the  prommence  is 
the  surface  of  the  moon  at  C,  is  evidently  much  less  than  A  B. 
the  height  of  the  point  B  above  that  sur-  It  will  naturally  be  supposed  that  the 
ftce ;  and  whenever  the  angle  A  M  C  is  nicety  of  observation  required  (o  detect 
small,  B  C  is  much  less  than  A  B  *.  such  small  quantities  as  the  altitude  of 
Now  the  rays  of  light  move  in  straight  lunar  mountains  at  the  distance  of  the 
lines;  SAB  therefore  mayrepresent  the  moon  must  be  very  great;  and  their 
course  of  a  ray  of  light.  A,  where  it  values  may  in  consequence  be  consi- 
touches  the  sphere,  will  be  a  point  in  dered  as  not  very  accurately  ascertained, 
the  general  boundary  of  light  and  dark-    They  were  much  overrated  when  first 

observed,  and  the  observations  then  re- 
•""  '     gistered  would  correspond  to  surprising 

All??prfAi?:OTrf'c'SifS'iJ:fBC:AD     |ewhts    as  15  mttes^  or  thereabouts. 
«r  A B :  B  c . :  c  D :  AD : :  sin.  M  :  ver.  sin.  M.      Better  observations  howevcr  have  re- 

Wb«ew,  therefor*,  dp.  M  ill  greaur  than  yer.     duccd  these    %^\T^Ot^\t«rS    <l^«H^>\w»% 
•sill.  M,  which  it  is  anUl  M  —  9U^,  A  B  ii  greaUr  ,    tv_    ti^— «v^\    ««^%>..\Ao»oA    ^e«    «&. 

ibamBC^uArtrr  much  io  when  Mi  Umtk}  Wl4  Dtt  Ura^Ytfi^  55WVSvasst^   VW   ^ 
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theie  moantaine  to  exceed  half  a  mile  in  any  refraction  by  the  roootCn  atmo* 

bei^ht.    There  are  tome  however  far  spnere:  for  it  is  deduced  from  consider- 

hiirher ;  and  one  in  particular,  named  ing  when  the  moon  is  exactly  l)etween 

after  the  phQosopher  Leibnitz,  has  been  the  earth  and  the  star,  at  which  period 

computed  by  M.  Schroeter  to  be  25,000  it  would  intercept  rays  of  light  proceed* 

feet,  or  nearly  5  miles  high.  ing  in  a  straight  hne  firom  the  Star  to  the 

Besides  these  points  near  the  illumi-  earth.    If  the  moon  have  any  refhwting 

nated  edge  of  the  moon,  other  bright  atmosphere,  the  duration  would  he  slior- 

points  are  occasionally  seen  in  the  dark  tened,  for  the  rays  would  be  bent  to- 

parts  of  it,  at  so  great  a  distance  from  wards  *  the  moon  in  passing  through  it, 

the  edge,  that  they  cannot  he  accounted  and,  as  they  would  pass  first  on  one  side 

for  in  the  same  mann^:  for  a  moun-  of  the  moon  (that  which  first  came  in 

tain  lofty  enough  to  be  enlightened  in  conjunction,  or  apparent  contact  with 

such  a  position  could  not  escape  our  the  star),  and  afterwards  on  the  other 

observation  when  in  tlie  generally  en-  (whichlast  leaves  it),  they  would  be  bent 

lightened   part   of  the   moon.     These  towards  each  other,  and  towards  the 

points  therefore,  when  seen,  must  be  earth,    and  consequently  in  one  case 

luminous  in  themselves.    They  are  seen  would  continue  to  reach  the  earth,  after 

occasionally,  not  always ;  they  are  there-  some  part  of  the  moon  is  between  the 

fore  luminaries  only  occasionally :  and  earth  and  star,  and  in  the  other  would 

the  most  probable  account  that  has  been  begin  to  arrive  at  the  earth  before  the 

givenof  them  is,  that  they  are  volcanoes,  whole  of  the  moon  had  passed  from 

and  that  when  they  are  visible  inde*  between  them.      The  observed  dura- 

pendently  of  reflectMl  light,  they  are  in  tion  of  the  occultation  would  be  less 

a  state  of  active  eruption.    Their  ap-  than   the   computed   duration.     Such 

pearance,  when  seen  in  the  generally  en-  a   difference    is    in  *  reality   soaxoely 

lightened  parts  of  the  moon,  corresponds  observable :  its  amount  has  never  been 

with  and  confirms  this  supposition.  voy  completely  ascertained,  but  it  eer- 

If  there  be  an  almosphere  surround-  tainly  does  not  exceed,  in  any  ease,  8 

ing  the  moon,  at  all  analogous  to  that  of  seconds  of  time ;  a  diminution  which  is 

our  earth,  there  must  be  twilight  there:  not  greater  than  that  which  would  cor- 

mnd  if  there  is  twilight,  there  must  be  a  respond  to  a  horizontal  refraction  not 

partial  and  faint  light  beyond  the  boun-  exceeding  2".    The  horizontal  refraction 

dary  of  that  part  of  the  moon  which  is  at  the  earth  is  jiot  less  than  33' ;  and 

fiilly  and  directly  illuminated  by  the  sun.  as,  on  the  supposition  of  the  medium 

Such  a  light  has  been  actually  observed,  being  similar,  the  refracting  power  in- 

but  very  faint  and  of  small  extent;  creases  with  the    density,  it  may  be 

corresponding  therefore  to  the  supposi-  estimated  from  this,  that  the  density  of 

tion  or  there  being  such  an  atmosphere,  the  lunar  atmosphere  must  be  neariy 

but  of  little  power  in  reflecting  light  1000  times  less  tlian  that  of  ours.    The 

That  its  power  is  very  small,  is  evinced  identity  of  its  nature  however,  andthere- 

also  by  another   consideration.     The  fore  the  conclusion  drawn  from  it,  is 

same  media  generally  are  powerful  both  to  a  certain  degree  conjectural, 

in  refracting  and  reflecting  light    Now  One   other  circumstance   respecting 

we  have  complete  proof  that  the  atmo-  the  lunar  atmosphere  may  here  be  m«i- 

sphere  of  the  moon  has  very  little  power  tioned.    It  is  clear  that  it  is  not  loaded 

in  refracting  li^ht.    In  the  course  of  the  with  heavy  clouds,  as  the  atmosphere  df 

moon's  revolution  through  the  heavens,  the  earth  so  frequently  is :  for  these 

she  must  necessarily  sometimes  be  in  would  cither  themselves  be  visible  to  us» 

the  same  direction  with  some  of  the     -- __ 

stars,  and,  l>eing  much  nearer  to  us  than  •  «,.       ^.,  ,.      ....        »       %.     ,_^ 

.1        *         '         ^,    .                          J    *•  •  The  conatltutlon  of  the  la  nar  atmosphere  b«int 

they  are,  pass   between    us   and    them,  rapposed  the  s&me  above  different  parts  of  the 

and    conceal   them   from    us.       This    is  moou*s  surface,  the  ray  wlU  leare  the  atmoephcre 

called  the  occultation  of  the  fixed  stars  ;i?JSr.r«<.T  'Sl^Z^'Jl^^t^n^^ 

by  the  moon.    Her  motions  heing  known,  ting  U  win  make  the  same  angle  with  a  perpeadl. 

the  time  at  which  that  part  of  her,  which  ^^'i!;'  '^"*»  ^**"'  **f  <^**"™*  ^^'^f^f*  entering  it  did 

«     .        •      -J                     ^a:           -iL           1  with  a  perpendicular  at  the  point  of  lUi  entrance. 

nrst  coincides    in   position  with  a   star.  The  angle  betvreenthese  two  courses  therefore,  or 

does  so  coincide,  or  the  beginning  of  the  ^®  deflection   occasioned    by  the  ray's  passage 

ocenltation  mnv  he  enmniitpH  •  nnH  sn  in  ^'^^'^^^S^  **»«  atmosphere,  n-ill  be  the  same  as  the 

OCCUliauon,  may  oe  COmpuiea,  ana  so  m  angle  between  the  perpondiculan*.  and  measored 

the    same     manner    may   its    end,    and  in  the  same  direction,  that  is  to  say,  towards  the 

consequently  its    duration.     This  how-  ■•»<;«  of  the  moon  opposite  U»  that  at  which  the  ray 

.».,^».   .•-    41.^    J   A'         'J           J      *i        0  enters,  and  consequently,  the  ray  entering  at  aoBie 

ever  is  the  duration  independently  oC  4&aUBs%it«ia«)AiMo&;wwaidaWaMMi«Mif; 
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or  would  rI  leait  be  diseovered  by  the  hd  circumstilnees*  diminiBhed  some  of 

shadow!  they  would  cast  in  vaiyins:  the  causes  of  difflerence. 
places  upon  the  moon*s  sarfiftce.    We       <  On  the  26th  of  May  we  sailed  from 

can  obserre  the  shadows  of  her  moun«  Valparaiso,   and  proceeded  along  the 

tains«  and  should  equally  be  able  to  coast  to  Lima.    During  the  greater  part 

observe  those  of  her  clouds.    This  ob«  of  this  voyage  the  land  was  in  sight,  and 

■crration  comes  in  aid  of  that  already  we  had  many  opportunities  of  seeing  not 

deduced  from  other  appearances^  of  the  only  the  Andes,  but  other  interesting 

absence  of  any  large  spaces  covered  with  features  of  the  country.    The  sky  was 

water,  or  any  evaporable  fluid  in  the  sometimes  covered  by  a  low  dark  unbro* 

moon ;  for  If  there  were  ai^  such,  eva«  ken  cloud,  overshadowing  the  sea,  and 

poration  would  take  place,  and  clouds  resting  on  the  top  of  the  Wh  cliff^  which 

would  be  formed.  I^ard  the  coast,  so  that  the  Andes,  and 

We  have  already  sud  that  man^  of  indeed  the  whole  country,  except  the 

our  conclusions  with  respect  to  objects  immediate  shore,  were  then  screened 

on  the  surface  of  the  moon  are  to  a  from  our  view.    But,  at  some  places, 

certain  extent  conjectural ;  and  it  may  this  lofty  range  of  cliffs  was  intersected 

possibly  seem  that  the  conjectures  are  by  deep  gullies,  called  qwbradas,  con«> 

Impugned  by  the  dissimilarity  of  appear*  nected  with  extensive  valleys,  stretching 

ances  presented  by  the  moon  and  eailh*  far  into  the  interior.    At  these  openings 

Objects  on  the  earth  are  seen  by  re«  we  were  admitted  into  a  view  of  regions^ 

fleeted  light,  as  well  as  those  at  the  which,  being  l)eyond  the  limits  of  the 

moon ;  yet  with  how  much  less  bril-  cloud,  and  therefore  exposed  to  the  full 

Uancy,   except   occasionally   where   a  blase  of  the  sun,  formed  a  brilliant  oon« 

brighdy  reflecting  surftce  is  met  with,  trast  to  the  darkness  and  gloom  in  which 

and  with  how  many  shades  of  colour,  we  were  involved.    As  we  sailed  past, 

insteadof  one  uniform  and  almost  white  and  looked  through  these  mysterious 

brightness,  only  diversified  bv  its  dif»  breaks,  it  seemed  as  if  the  eye  penetrated 

Cerent  demes  of  intensity.    And  when  into  another  world;  and  had  the  dark' 

we  see  objeets  melted  together  in  dis-  ness  around  us  been  more  complete,  the 

tanoe,  and  almost  of  uniform  colour,  it  light  beyond  would  have  been  equally 

is  a  pale  bluish  hue  of  faint  lustre*  resplendent  with  that  of  the  full  moon. 

Any  such  objection  may  easily  be  re*  to  which  every  one  was  disposed  to 

moved  l^  these  considerations,  that  the  compare  this  most  curious  and  surpris- 

mixture  of  a  great  variety  of  colours  ing  appearance, 
will  produce  a  white,  or  nearly  a  white       '  As  the  sun's  rays  were  not,  in  this 

light,  and  consequently  that  the  blended  case,  reflected  from  a  bright  snowy  sur-' 

l^ht  reflected  from  a  large  distant  tract,  face,  but  from  a  dark-coloured  sand,  we 

ought  in  general  to  be  nearly  of  that  are  furnished,  by  analogy,  with  an  answer 

colour ;  that  if  the  distant  objects  which  to  the  difficulties  sometimes  started,'with 

we  see  on  the  earth  are  not  so,  it  is  be«  respect  to  the  probable  dark  nature  of 

cause  the  rays  which  proceed  from  them  the  soil  composing  the  moon's  surface*.^ 
pass  through  a  long  space  of  the  lower 
and  denser  parts  of  our  atmosphere,  and  Section  Y.^On  EdipHi* 

cause,  and  partly  from  their  being  vi*        irrQ^iZ.   h^^iLo^^^fSrii^  ^li^u'i, 

her  appearance  and  thiirs  which  we  ^  ^"^  ^«  lW#-t/#e  m  Chronology. 

auppose,  when  we  contrast  them  with  I.  Wb  explained  generally  in  the  course 

our  notion  of  her,  as  derived  from  our  of  the  last  section  the  nature  of  an 

common  observations  in  the  darkness  ocoultation.    It  is  evident  that,  in  the 

of  nl^t  But  it  may  be  worth  while  to  same  manner  as  the  moon  was  there 

anbjom,  as  a  still  further  answer  to  any  represented  to  interpose  between  the 

objections  of  this  nature,  the  description  earth  and  a  fixed  star,  she  may  interpose* 

whidi  a  very   accurate  observer  has  also  l)etween  the  earth  and  sun,  or  some 

^en  of  the  appearances  presented  br  : 

a  part  of  the^earth  itself,  where  the  brit      ^  CMuan  BM\itti^'«  ^x!ttiR\aiiswiv^^««s^ 

inaegr  of  the  dimate,  anct  otter  aociden*  wt.!^.  teo. 
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t>art  of  the  son,  and  thus  d^ve  ns  {(ir  earth*9  tlmdow.   Now  we  iJready  know 

a  time  of  the  whole  or  a  part  of  its  light,  (p.  61 )  that  the  son  is  lai^ger  than  the 

Aicain,  when  nearly  opposite  to  the  sun,  earth.  The'earth*8  shadow  therefore*  as  we 

she  may  be  in  such  a  position  that  the  have  seen  in  p.  74,  is  a  cone,  and  temii« 

earth  itself  may  be  between  her  and  the  nates.  We  can  also  tell,  knowing,  at  least 

iun,  and  intercept  the  8un*s  light  from  within  a  moderate  distance  of  the  truth* 

the  whole  or  a  part  of  her  surface.    In  the  reUtive  magnitudes  and  the  distance 

this  case,  as  the  moon  shines  only  by  of  the  sun  and  earth,  what  the  length  of 

reflecting  light  proceeding  from  the  sun,  this  shadow  must  be.    The  sun*s  radiua 

(for  the  dark  side  of  the  earth  is  then  is  about  1 10  timesgreater  than  that  of  the 

towards  her,  and  consequently  no  light  earth :  his  distance  nearly  24,000  times 

is  supplied  to  her  by  earthshine)  the  the  same  quantity.    The  length  of  the 

whole  or  some  part  of  her  surface  must  shadow  then  must  l)e  to  its  radius  at 

become  invisible.  These  phenomena  are  the  earth  very  neaiiy  in  the  ratio  of 

known  by  the  name  of  eclipses,  from  a  24,000  to  110-1,  or  109,  or  it  must  be 

GreekwordsignifyingaM^r^ofli^^^^  Hl?!?^  times,  or  about  220;  times   tfiat 
the  disappearance  of  part  or  the  whole      109  / 

of  the  sun  by  the  interposition  of  the.  radius:  more  accurately,  its  mean  va- 

moon  being  called  a  solar  eclipse;  the  lue  is  216.531  times  that  radios;  its 

disappearance  of  the  moon,  or  any  part  value  when  the  sun  is  in  apogee  being 

of  her,  by  coming  within  the  earth*s  220.238,  when  inperigee  212.896  times 

shadow,  bieing  called  a  lunar  eclipse.  that  quantitv.    The  moon's  mean  dis- 

If  the  moon  revolved  round  the  earth  tance  from  the  earth  is  not  more  than 

in  the  same  plane  as  the  sun,   there  60  times  that  radius;  she  therefore  passes 

would  necessarily  be  a  lunar   and  a  far  within  the  limits  of  the  shadow*  and 

solar  eclipse  every  month.     Referring  may  be  eclipsed  l^  it. 
again  to  fig.  16,  if  T   represent  the       The  next  object  is  to  detennine  what 

earth,  S  the  sun,  and  A,  B,  C,  D,  &c.  are  the  dimensions  of  the  shadow  at  the 

the  moon's  orbit,  A  is  directly  between  distance  where,  if  at  all,  the  moon  passes 

the  earth  and  sun,  and  the  moon  at  A  through  it.     The   section,    being  one 

would  eclipse  the  sun ;  T  is  directiy  be-  perpendicular  to  the  axis  of  the  cotte» 

tween  the  sun  and  £,  and  the  moon  at  will  necessarily  be  a  circle,  and  we  there* 

£  would  therefore  have  the  earth  inter-  fore  onl^  have  to  determine  the  proper- 

posed  between  her  and  the  sun,  or  she  tion  which  the  radius  of  this  circle  bears 

would  be  eclipsed.    On  this  supposition  to  that  of  the  earth.    Now  the  radius  of 

therefore  there  would  be  a  solar  eclipse  this  circle  wUl  bear  to  that  of  the  earth. 

at  every  new  moon ;  a  lunar  eclipse  at  the  same  proportion  as  the  parts  of  the 

every  full  moon.    This  however  is  not  axis  of  the  cone  inteixsepted  between 

the  case,  and  we  proceed  to  shew  more  them  and  the  vertex  of  the  cone ;  or 

in  detail  why  it  is  not  so,  and  what  cir-  rad.  of   shadow   at  moon's  distance : 

cumstances  must  concur  to  produce  an  rad.  of  earth  : :  220  —  60  :  220  nearly 
eclipse.    In  so  doing  we  shall  take  the  ::  160  :  220 

case  of  a  lunar  eclipse  first,  as  being  the  1:8:11. 

most  simple.  The  radius  of  the  shadow  being  thus 

II.  A  lunar  eclipse  being  occasioned  found  to  be  about  W  of  the  earSi's  ra- 
by  the  interposition  of  the  earth  between  dius,  and  that  of  the  moon  being  only 
the  sun  and  moon,  is  an  actual  depriva-  about  ^»  (p.  61)  of  the  same  quantity, 
tion  of  light  to  the  moon.  She  therefore  the  shadow,  at  the  distance  where  she 
becomes  for  the  time  really  invisible,  and  may  meet  it,  is  considerably  more  ex- 
disappears,  not  merely  to  a  spectator  at  tensive  than  the  moon,  and  she  may 
some  particular  place  who  is  prevented  therefore  fall  entirely  witiiin  it,  and  be 
from  seeing  her,  but  absolutely  and  uni-  totally  eclipsed. 

versally.    We  have  no  occasion  there-        The  apparent  radius  of  the  moon  is 

fore  to  refer  to  any  particular  point  on  about  16':  the  angle  subtended  by  the 

the  surface  of  the  earth,  or  to  embarrass  radius  of  the  earth's  shadow  at  the  same 

ourselves  with  any  considerations   of  distance  must  bear  the  same  proportion 

difference  between  observations  made  at  to  this' quantity  that  the  radii  themselves 

different  places :  we  have  only  to  ascer-  bear ;  or  the  proportion  of  about  8  to  3 ; 

tain  when  the  light  transmitted  to  the  and   consequently  it  would    be  about 

moon  from  the  sun  actually  fails.  42'  40".      More    accurately  however. 

For  this  purpose  we  must  first  ascer-  for  the  numbers  we  have  taken  are  only 

iAm  the  form  and  magnitude  of  the  a  very  rough  approximation  to  the  trutht 
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Ste  mean  Yalae  is  41'  8"^^ ;  or  the  of  the  noon  inay  in  this  way  be  ascer- 
mean  apparent  diameter  of  the  shadow  tained  to  be  about  two  hours. 
it  82^  17".  If  therefore  the  moon  pass  It  will  however  be  worth  while  to 
throngh  it  along  a  diameter,  and  her  estimate  the  magnitude  of  the  apparent 
apparent  diameter  be  of  32',  when  she  diameter  of  the  earth*s  shadow  more 
is  flrst  completely  within  the  shadow,  accurately.  For  this  purpose,  in  Jig. 
•he  has  a  space  of  50^  17"  to  move  21,  let  the  circle  whose  centre  is  S  re- 
over  before  any  part  of  her  arrives  at  present  the  sun,  that  whose  centre  is  E 
the  opposite  side  of  the  shadow,  and  represent  the  earth,  and  let  RTP,  rtF, 
during  the  whole  time  in  which  she  does  be  two  lines  drawn  touchingthe  sun  and 
so  move,  the  eclipse  will  be  total  The  earth,  and  meeting  in  P*  The  line  SB 
greatest  possible  length  of  a  total  eclipse  joining  the  centres  of  the  sun  and  earth 


win  pass  throu^  P  also :  for  the  line  join-  contact  with  the  shadow,  but  without  if, 
ing  jP  ¥rith  the^centre  of  the  circle  S,  will  the  angular  distance  of  her  centre  from 
bisect  the  angle  between  the  tangents  the  centre  of  the  shadow,  will  be  this 
PR,  Pr ;  and  in  the  same  manner  the  quantity  increased  by  her  apparent 
)ine  joinii^'P,  with  the  centre  of  the  radius,  or  p+P+r— R:  at  this  dis- 
circle  £,will  bisect  the  angle  between  the  tance  therefore  she  will  just  be  in  con- 
tangents  PT,  P/,  and  as  these  tangents  tact  with  the  shadow,  or  there  will  be  that 
are  the  same,  the  lines  in  question  must  description  of  eclipse  which  is  called  an 
coincide.  Now  let  M  be  a  point  in  i^ppti/#tfof  the  moon;  and  if  her  distance 
the  extremity  of  the  earth's  shadow  be  greater  than  this,  she  will  not  be 
at  the  moon*s  distance.  The  angle  MEP  eclipsed.  In  the  same  manner,  when  she 
therefore  is  the  apparent  radius  of  that  is  just  in  contact  with  the  shadow,  but 
aection  of  the  shadow.  Now  the  angle  within  it,  the  angular  distance  of  hercen- 
MEP =£MT-£PM  tre  from  the  centre  of  the  shadow  is  the 
-EMT-(RES-ERT)  apparent  radius  of  the  shadow  dimi- 
'  sEMT+  ERT-RES.  nished  by  her  apparent  radius ;  or  it  is 
Now  RTM  is  a  tangent  to  the  earth  at  p+P— K— r.  This  therefore  is  her  dis- 
T ;  to  an  observer  placed  at  T  therefore  tanoe  when  she  is  just  totally  eclipsed. 
the  sun,  and  also  the  point  M,  would  be  The  farther  the  sun  is  from  the  earth, 
in  the  horizon.  The  angle  ERT  therefore  the  more  slowly  do  the  lines  joining 
is  tiie  angle  which  the  distance  from  the  them,  or  the  boundaries  of  the  shadow 
situation  of  an  ol)server  to  the  centre  of  approach  each  other,  and  the  larger 
the  eurth  subtends  at  the  sun,  when  he  therefore  is  the  shadow  at  the  moon*s 
is  in  the  hoiizon,  or  it  is  the  horizontal  distance :  and  besides  this,  the  nearer 
parallax  of  the  sun:  the  angle  EMT  is  the  moon  is  to  the  earth,  the  lai^er,  all 
m  the  same  manner  the  horizontal  pa-  other  things  continuing  the  same,  is  the 
rallax  of  the  point  M,  or  of  the  moon ;  part  of  the  shadow  through  which  she 
lor  the  horizontal  parallax  of  the  moon,  passes.  On  both  accounts,  the  duni- 
and  of  a  point  at  the  moon's  distance,  tion  of  an  edipse  is  greatest,  when  the 
are  the  same.  The  angle  RES  is  ob-  moon  is  at  the  least,  and  the  sun  at  the 
yiously  the  apparent  radius  of  the  sun.  g^atest  distance*. 
If  therefore   we    call   the    horizontal  • 

•^vttllav  nf  iha  aim  P   thnf  nf  fhA  mnnn  *  [The  same  resulta  may  thus  be  more  strictly  de. 

parallax  Of  ine  sun  r,  inai  oi  ine  moon  ^^^    ^^  ^^^^  ^^  ^jf  ^^^^  qu^„m,„,  i^i-p-r, 

f,  and  the  apparent  radius  of  the  sun  p^p^-r^R,  p^p^n-^r,  vary  with  the  Tarying 

L  we  have  this  equation  ;  apparent  ra-  Jlatancea  of  the  sun  and  moon  from  the  earth  J 

J-         ^#  .u»^^»  ^  «u«  •M.r^lv.  j:<.4.«»aa  'O'  »>0"*  •*>«  horixontal  parallax  and  the  appa- 

dins   of  shadow  at  the  moon  S  distance  «„t  ,^|^  ^^  Inveraely  m  the  dlatance,  and  cbn- 

-sp-(-P-*R.  seqnenUy  their  earn  and  difference  do  «(k  «^»o• 

"• ^the      " *         -      .      
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Takiftg  the^xtreme  Talues,  the  great-  «uch  an  eclipse  is  called  a  central  eolipffd 

est  apparent  radius  of  the  shadow  is  of  of  the  moon.    If,  on  the  contrary,  the 

•  45'  5^'M6,  and  the  conrespondins:  ap-  node  be  90°  from  this  point,  the  moon, 
parent  radius  of  the  moon  is  16'  5".45 ;  when  in  opposition  to  the  sun,  will  be 
and  the  greatest  distance  from  the  centre  90°  from  the  node,  or  at  her  great^t 

.  of  the  earth*s  shadow,   at  which  the  distance  from  the  ecliptic.    Her  centre 

•  moon  can  possibly  come  in  contact  with  in  this  case  will  be  upwards  of  5°  from 
it,  is  the  sum  of  these  quantities,  or  62'  the  centre  of  the  shadow*  and  there  will 
S7".65.    In  the  same  manner,  the  least  be  no  eclipse. 

apparent  radius  of  the  shadow  is  36'        It  is  a  known  property  of  the  8phere» 

42'^.! 5,  and  the  corresponding;  apparent  that  the  shortest  distance  which  can  be 

.radius  of  the  moon  is  of  14'  41'%  and  measured  on  its  surface  from  any  point 

the  least  distance  at  which  the  moon  without  a  given  great  circle  to  that  circle^ 

can  just  be  in  contact  with  the  shadow,  is  the  arc  of  a  secondary  to  that  circle, 

and  no  more,  is  the  sum  of  these  quanti-  passing;  through  the  point    But  arcs  of 

ties,  or  51' 23^15.     If,  therefore,  the  great  circles  measured  from  one  point  on 

moon,    during    her   revolution,    never  Sie  sphere  to  another,  measure  the  an- 

comes  so  near  as  62' 37^.65  to  the  centre  gular  distances  between  those  points  as 

of  the  earth*s  shadow,  there  can  be  no  seen  at  the  centra.    Let  then,  in  Jig.  22^ 

eclipse ;  if  she  comes  to  that  distance,  ^ 

or  within  it,  there  may :  if  she  comes  x^^ 

within  the  distance  of  51' 23".  15,  there  ^s^  %-    n, 

must*.  >^..,^^^^^6.22. 

,     Now  the  eentre  of  the  earth*s  shadow  /      ^"""^-^        ^  y 

is  a  point  in  the  line  which  passes  through  ^^^-^^.^J^  ^^^^,^^0^^ 

the  centres  of  the  earth  and  sun ;  and  aa  ^^       '       ^"^ 

this  line  is  in  the  plane  of  the  ediptic, 

.  the  centre  of  the  earth's  shadow  wifi  be  NM  represent  a  portion  of  the  moon's 

m  the  du-ection  of  a  point  m  the  ecliptic,  crt)it,  N  E  a  portion  of  the  eclipHc,  N, 

direcUy  opposite  to  the  centre  of  the  of  course,  being  the  node ;  and  let  E  b^ 

sun.    This  direction  bemg.thus  asoer-  the  position  of  the  centre  of  the  earth's 

tained.  we  have  only  to  inquire  whether  shacfow.    Let  E  M  be  the  arc  of  a  se- 

this  pomt  be  witlun  the  required  angular  condary  to  N  M,  drawn  through  E- 

distance  of  some  point  m  the  moon's  then  Vi  is  the  point  m  the  circle  N  hf 

orbit  or  not.  to  know  whethw  there  may  which  is  nearest  to  E,  and  if  the  moon 

4ho?fh^."«n^i''''  ^}^^l^.  "•}■  T^^^^i  "  "^^^  ^"  contact  with  the  earth's  shadow 

that  thw  will  depend  on  the  situation  of  when  at  M,  she  never  will  be  sa    If 

♦h«  «^t  1*^'  ""T  '  ""^'h    ^^^\^  ^  ^  >»  ^«^*«'  than  62' 37".65.  she^ever 

the  node  huippens  to  c^^^^^  the  will  bef  if  therefore  w«*  can  ascertaS 

<»ntre  of  the  earths  shadow,  the  moon,  what  must  be  the  value  of  NEtoi»r. 

mpassmg  through  that  part  of  her  orbit,  respond  with  this  value  of  E  M,  we  shatt 

shadow,  and  be  totally  eclipsed;  and  fh)m  the  centre  of  the  earth's  shadow  to 
— admit  of  there  being  an  eclipse  of  the 

lax.  is  less  than  R,  his  apparent  radius:    P-R  5?^"v    ^OW   in  the  spherical  tfiangld 

therefore  Is  nemitlre.    Each  of  the  T»lues  deduced  E  M  N,    the  angrle    EMN    is   ft    rirflt 

therefore  is  the  sum  of  a  Dosltlve  auaotitv.  ».  «i»l« .   ♦!»«  -«-.i^  w  xi  ^r  •_  i -^  .* 

increase  with 

takes  place  i _ ^ 

and  also  with  the  decrease  of  the  negative  one,  -"  j   Ju^'Z-^a"  w  tV  •  "l!L7i'»fJ*^***.  ^'""^» 

which  takes  place  as  the  sun's  disUnc? Increases.  *""  *"®    '*"®  E  M  IS  62'  37'^.65    Ijy  the 

When  the  moon's  distance  is  least  therefore,  and  Supposition.     The  remaining  Sldea  AnA 

the  sun*s  greatest,  she  will  he  at  the  greatest  dis-  nnirfptt  4Viomfrk««  »«..,  k«  -^-jL   /  j  j 

tance  from  the  centre  of  the  earth's  sEadow,  both  fP^^^^  therefore  may  be  Computed ;  and 

at  the  beginning  and  end  of  an  eclipse,  and  also  *"C  result  IS,  that  £  N,  on  that  StlppOSi* 

when  it  begins  and  ceases  to  ba  total:  and  the  tion,   is    eqUal    tO    11®  25'  40"  fiejlriv* 

same  <i«aDlities  will  have  their  least  Talues  when  rpy^J    «;«-.!  ..,,..         neanj  . 

the  moon's  distance  U  greatest,  and  the  sun's  dis.  ^  "®     Cireles    Continually   diverge    from 

lance  least.]  cach  Other  for  90» ;  if  therefore  E  N  he 

*  We  have  here  treated  the  disUnces  and  mag.  (rrpnfpr  ihan  fhU    T?  TtT  ».;ii  -.1        j  Jiw 

nitudesofthesunandmoon.  their  hori.ontal  pi-  flT/ 11     ^"a-Tl  this,   E  M  WlJl  eXCCed  62' 

rallaxes  and  apparent  magnitudes,  as  known,  and  ^*    '"5,  and  there  Will  bC  nO  ecHpse.      If 

have  thence  deduced  the  duration  and  circum-  therefore  the  noflp  hi»  mnro  fho«  i  iO  anl 

aunces  of  an  eclipse.    Conversely,  if  these  be  ob-  "'^'^^»"'^*^  ^^^  "0"^  DC  more  than  11«  25' 

••rved,  the  value  of  any  one  of  the  other  elemeoU         •  [lUd.  x  sin   ME.  sin   FV   v -i«   i?wu 
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4(K'  from  the  point  of  the  ediptie  oppo-  which  there  may  15e  a  luhMr  eclipse,  we 

■ite  to  the  sun,  there  will  be  no  eclipse ;  inight  proceed  to  investigate  the  auan- 

and  this  quantity  is  called  in  conse*  tity  of  the  moon  which  would  be  eclipsed 

quenee  the  lunar  ecliptic  limit.    In  the  under  different  circumstances,  and  the 

Mone  manner,  if  we  take  EMtsSi'  time    during   which    such  an  eclipse 

tS^.19»  we  shall  have  EN  =  9020^  89^  would  continue.    Such  an  investigation, 

neariy ;  and  as,  if  E  N  be  less  than  this,  if  conducted  to  its  utmost  extent  would 

S  M  must  be  less  than  5lM3".l,  l>ecause  be  more  elaborate  than  the  purposes  of 

the  cirdes  converge  towards  the  node,  this  treatise  admit:  but  for  common 

(here  tmut  be  an  eclipse  if  the  node  be  purposes  the  difficulty  may  l)e  in  a  great 

tiot  more  than  9**  20^  29^  from  the  point  measure  eluded  by  adopting  an  artifice 

of  the  ecliptic  opposite  to  the  sun.    It  of  computation  or  representation.    To 

is  obvious  that  an  eclipse  may  or  must  simplify  the  conception  of  the  subject  as 

take  place  within  these  distances  on  0tic4  far  as  possible,  let  us  suppose,  in  the 

side  of  the  node.    In  intermediate  dis*  first  inst^ce,  that  the  paths  of  the  moon 

tances  the  non-occurrence  or  occurrence  and  the  shadow  are  straight  lines  inter- 

of  an  eclipse  will  depend  on  the  question,  sectineeach  other,  instead  of  great  cir- 

whether  or  not  EM  is  greater  than  cles.    Thus,  in  ^,  23,  let  M  N  repre- 

p-f  P+r— R,  the  value  of  this  quantity  sent  the  orbit  of  tne  moon,  supposed  to 

being  determined  from  the  horizontal  be  a  straight  line,  E  N  the  path  of  the 

panJlax  and  apparent  radius  of  the  sun  shadow,  supposed  also  to  be  a  straight 

and  moon  at  the  time  of  the  opposition,  line,  and  N  their  node  or  intersection ; 

Having  thus  ascertained  the  cases  in  and  let  M  and  E  be  the  respective  plaoep 

Fig.  23, 


of  the  moon  and  the  centre  of  the  shadow  But  M  N  :  M  M' : :  N  n  :  M'  m, 

at  the  time  of  opposition.    Let  it  also  be  for  N  w,  M'  m  are  parallel ;  and  com- 

supposed  that  the  motions  of  the  moon  nounding  these  proportions,  E  £'  and 

and  shadow  are  uniform ;  and  that  while  M'  m  are  equal;  they  are  also  parallel; 

the  moon  moves  through  the  space  M  N,  and  consequently  E  m  is  equal  and  pa- 

the  shadow  moves  through  E  e.    Take  rallel  to  E'  M'.    This  conclusion  is  ob- 

N  n  =  E  c,  and  join  M  n ;  the  line  M  n  viously  independent  of  any  particular 

is  so  drawn  that  if  M'  represent  the  value  of  M  M' ;  it  is  therefore  generally 

moon's  place  at  any  time,  and  E' the  true,  that  the  situation  oft  he'pointmrela- 

place  of  tne  centre  of  the  shadow  at  the  tively  to  E,  is  the  same  as'  that  of  the 

same  instant,  if  the  line  M'  m  be  drawn  moon  with  relation  to  the  centre  of  the 

parallel  to  N  E  to  cut  tlie  line  M  n,  the  shadow;  and  the  phenomena  of  eclii)ses 

point  m  is  at  the  same  distance  and  in  therefore,  which  depend  merely  on  the 

the  same  direction  from  S  that  M'  is  relative  distance  and  direction  of  the 

from  E  J  or  in  the  same  relative  sitiia-  moon  and  shadow,  and  not  on  their  ab- 

f ion  to  S  that  the  centre  of  the  moon  solute  situation,  would  be  the  same  if  the 

.M  to  the  centre  of  the  shadow.  ahadbw  were  at -rest,  and  the  modn 

This  will  at  once  appear  from  the  fd-  moved  in  the  supposed  orbit  M  n,  as  they 

lowing  considerations.    The  motions  of  really  are.  The  fictitious  orbit  Mn  is  called 

the  moon  and  shadow  being  uniform,  the  moon*s  relative  orbit,  as  being  her 

whatever  proportion  of  the  space  M  N  orbit  with  relation  to  the  situation  of  the 

is  described  by  the  moon  in  a  given  time,  shadow  considered  as  a  fixed  point  £. 

the  same  proportion  of  E  «  is  described  The  angle  M  n  £,  at  which  the  relative 

in  the  same  time :  or  orbit  cuts  the   ecliptic,  may  be  very 

M  M' '  M  N  ::  E  E' :  E  e,  easily  computed.    M E  is  perpendicular 

::££':  N  ii»  to  the  ediptie  N  £,  for  M  and  £  have 

iorNjsssJSe;    '  the  same  longitude  ^consequently 
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EM        EM          EM  relatiye orbit  ig  SneHnea  to tiie ediptio 

lan.MnE=-«— -=«T5^ — Ta^^wTsFn?^'  may  still  be  aseeitained  in  the  same 

^  .    .       ^.Z    EN-Nfi    EN-Ee  ^^^^^  .^^^  only  look  to  therate  of 

But  since  ME  is  perpendicular  to  the  motion,  instead  of  the  actual  spaoe  de- 

echplic,  M  E  18  the  moon  s  motion  m  ^^ribed  in  a  considerable  time ;  or  if  we 

latitude,  and  E  N  her  motion  in  Ion-  conwder  n,  m,  and  t,  to  repwtent  the 

gitude  whUe  she  passes  from  M  to  N,  ^^^^^^  motions  of  the  moon  in  latitude 

and  E  <?  IS  the  motion  m  longitude  of  ^^d  longitude,  and  of  the  ion  in  kmgi- 

the  centre  of  the  shadow,  which  is  ue-  ^^^^     ^^^  this  modification  however 

cessarily  equal  to  the  motion  m  Ion-  ^^  ^^^  ^^^  ^^  ^^e  variationa  whidi 

jjitude  of   the  sun  dunng  the   same  ^^^  pi^^  in  the  motions  of  the  sun 

time.    If  therefore  the  moon's  motion  a„d  ^0^^^  ^nd  in  the  manner  in  which 

ra  latitude  be  called  n,  her  motion  in  ^y^^^  ^f  |j^^  latter  body  is  decomposed 

longitude^m,  and  the  sun's  moUon  m  jj^^^  „jo^o„  ^  longitude  and  latitude, 

longitude  s,  tan.  M  » E=-^.          '  ^'^"^  ""  ^«17  «^i>^  T^'^'^  ^L^ 

luug          ,  ia*i  A      K.    ^_^  j^^^^^  ^  ^  ^j^^  duration  of  an  eclipse: 

These  conclusions  however  require  to  and  these  must  be  taken  into  oonsidert^ 

be  modified,  when  applied  to  the  case  of  tion  to  give  complete  accuracy  to  the 

the  moon  and  shadow  moving  as  they  computatiom     We  need  not  however 

do  in  circular,  not  in  rectilineid,  orbits,  here  enter  into  anv detail  of  these  minute 

The  truth  of  our  former  conclusions  de-  corrections,  but  shall  proceed  to  exidain 

pends  on  the  uniform  rate  of  the  moon's  very  shortly  the  manner  in  which  the 

jmotion  in  latitude  as  well  as  in  longi-  portion  of  the  relative  orbit  ena]:des  us 

tude ;  and  this  is  not  the  case  in  the  reial  to  represent  the  circumstances  andcom^ 

motions.     The  relative  orbit  therefore  pute  the  duration  of  an  eclipse, 

has  to  be  ascertained  with  reference  to  In  Jtg.  24  let  E  represent  the  porition 

the  direction  and  circumstances  of  the  of  the  centre  of  the  eurth's  shadow  at 

motion  at  a  particular  period.  the  time  of  the  opposition  of  the  moon. 

For  a  short  time  however,  such  as  that  and  R  r  a  portion  of.  the  relative  oibit. 

of  the  continuance  of  an  eclipse,  the  mo-  A  perpendicular  E  Mt,  let  fall  on  this 

tions  may  be  considered  in  this  case  also  line,  is  the  shortest  line  which  can  be 

as  uniform ;  and  the  angle  at  which  the  drawn  from  E  to  Rr ;  if  this  line  there- 


fore is  greater  than  the  sum  of  the  ap-  scribe  round  E  a  circle  whose  radius 

parent  radius  of   the  shadow  at  tne  bears  the  same  ratio  to  the  Une  £  Mf^ 

moon's  distance  and  the  apparent  radius  that  the  apparent  radius  of  the  shadow 

of  the  moon,  each  estimated  for  the  does  to  the  nearest  distance  of  £  from 

time  of  the  opposition,  there  can  be  no  the  relative  orbit,  this  circle  will  repre- 

eclipse  at  all:  if  there  be  an  eclipse,  the  sent  the  earth's  shadow,  and  if  at  the 

depth  of  the  immersion  must  be  greatest  point  Mi  we  describe  a  circle  touching 

at  the  point  M, ;  or  rather  at  the  time  the  circle  described  round  E,  and  whow 

corresponding  to  it,  since  Ma  is  a  point  radius  bears  the  sameratio  to  the  radius 

in  the  relative  or  imaginary,  and  not  in  of  that  described  round  E,  that  the  ap- 

tJ]e  real,  orl^'it  of  the  moon.    If  we  de-  parent  radius  of  the  moon  does  to  that 
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of  the  shadow,  f  he'point  Mi  will  be  that  SEP,  and  if  the  tangents  drawn  in  the 
at  which  the  eclipse  will  begin :  and  a  manner  last  described,  cut  the  line  S  E 
eorrespondinfl;  point  on  the  oQier  side  of  in  Q  (for  they  all  will  evidently  cut  it  in 
Mfl  that  at  which  it  will  end.  The  dura-  the  same  point),  ihepenumln'a  or  partial 
tion  of  the  eclipse  may  hence  be  at  once  shadow  will  be  a  portion  of  a  cone, 
aaoertained,  for  the  motion  in  latitude  whose  vertex  is  Q. 
is  the  same  in  the  relative  and  in  the  real  [If  N  be  the  extreme  point  of  the  pe-* 
orbit ;  and  the  latitudes  corresponding  numbra  at  the  moon*s  distance,  we  may 
to  the  beginning  and  end  of  the  eclipse  find  in  the  same  manner  as  before,  the 
being  ascertain^  from  the  relative  orbit,  apparent  radius  of  the  penumbra,  and 
the  time  at  which  the  moon  is  at  each  deduce  from  it  the  extreme  distance  at 
latitude,  and  consequently  the  interval  which  the  moon  can  pass  throu^  the 
between  them,  may  be  found  from  the  penumbra  of  the  earth.  Now,  the  angle 
Ubles  of  her  motions:  or  if  it  be  pre-  NEP  =  £  N  Q  +  £  Q  N 
ferred,  the  time  of  describing  a  ^iven  =  E.N  Q  +  SEr-bQr£« 
Arc  of  the  relative  orbit  may  be  mde-  =  p  +  R  +  P, 
pendently  computed.  If  another  circle,  adontin^  the  notation  already  used ;  for* 
like  that  descrit>ed  about  Mi ,  be  de-  as  0  N  is  a  tangent  to  both  the  sun  and 
scribed  about  Ms ,  it  will  represent  the  earth,  T  N  Q  is  the  horizontal  parallax 
situation  of  the  moon  at  the  time  of  her  of  N,  a  point  at  the  moon*s  distance,  ot 
greatest  immersion ;  and  if  A  l)e  the  of  the  moon,  Q  r  E  or  T  r  E,  the  hori- 
extremity  of  the  radius  of  the  shadow  zontal  parallax  of  the  sun,  and  SEr, 
along  which  E  Mt  is  measured,  and  B  the  sun*s  apparent  radius.  It  is  obvious 
the  point  in  which  the  inner  limb  of  the  that  the  same  ;conclusions  with  respect 
moon  cuts  it,  AB  is  the  greatest  depth  to  the  effects  of  the  varying  distances  of 
of  the  immersion*  which  is  generally  es-  the  sun  and  moon,  will  take  place  in  this 
timated  in  digits^  a  term  used  to  express  case  and  the  former.] 
twelfths  of  the  moon*s  diameter.  The  These  computations  are  of  no  very 
part  of  the  circle  representing  the  moon,  great  importance,  as  we  do  not  consider  a 
which  is  exterior  to  the  circle  described  lunar  eclipse  to  take  place,  unless  some 
round  E,  will  necessarily  represent  the  part  of  the  moon  is  entirely  darkened.  The 
part  visible  at  the  particular  time ;  and  lunar  ecliptic  limits  therefore  are  not 
any  one  who  has  seen  an  eclipse  of  the  affected  by  them.  But  it  is  of  importance 
moon  will  at  once  recognize  tne  figure,  to  observe  that  the  penumbra  does  exist, 
as  correctly  exhibiting  at  Ms  the  man-  and  that  in  proportion  as  the  moon  is 
ner  in  which  the  exterior  limb  some«  nearer  the  absolute  shadow,  the  propor- 
times  falls  short  of,  and  at  Ms  that  in  tion  of  the  sun  obscured  to  her  is  in« 
which  it  sometimes  exceeds  a  semicircle,  creased.  The  penumbra  therefore  in- 
instead  of  being  always,  as  in  the  phases  creases  in  depth,  or  the  brilliancy  of  the 
of  the  moon,  an  exact  semicircle,  how-  moon  diminishes,  as  we  approach  the 
ever  ln*oad  or  narrow  the  part  of  the  boundary  of  the  dark  part  of  the  moon ; 
disk  exposed  may  be.  and  this  appearance  may  actually  be 
We  have  hitherto  spoken  of  the  sha-  observed  during  a  lunar  eclipse,  the  briU 
dow  as  conical ;  and  it  is  true  that  the  liancy  of  the  moon  decreasing  near  the 
portion  of  space  within  which  the  earth  part  which  has  disappeared, 
will  entirely  conceal  the  sun  is  so.  But  There  is  however  generally  some  light 
it  is  clear,  that  there  will  be  another  por-  discernible  on  the  whole  face  of  the 
tion  within  which  part  of  the  sun  will  moon,  even  during  a  total  eclipse.  We 
be  concealed.  If  a  common  tangent  be  have  already  seen  that  in  the  case  of  the 
drawn  to  the  sun  and  earth,  crossing  the  occultation  of  a  star  b^  the  moon,  the 
line  which  joins  their  centres,  as  the  line  rays  of  that  star  must,  if  the  moon  have 
in  figure  21,  which  passes  from  a  point  any  refracting  atmosphere,  be  bent  to- 
very  near  r  to  another  very  near  the  point  wards  the  earth.  Exactly  in  the  same 
T,  and  thence  to  N,  it  is  clear  that  the  manner,  the  rays  of  the  sun  in  passing 
point  r  will  be  invisible  at  every  spot  through  the  earth*s  atmosphere  are  ac- 
between  £  P  and  the  line  T  N,  and  that  tually  bent  towards  the  moon ;  and  some 
oonsequently  through  this  whole  space,  of  them  reach  it,  even  when  the  earth  is 
some  part  of  the  sun  will  be  concealed,  directly  interposed  between  her  and  the 
or  there  will  be  a  partial  shadow  even  sun,  so  as  to  prevent  her  from  receiv- 
b^ond  the  line  T  M  P,  within  whushthe  ing  any  light  independently  of  this  ia* 
diarkness  is  complete.    This  also  will  be  flexion  of  the  ravs.   TVie  CQitaftfl^«(N&/&S& 

tte  CMO  ape  oa  eyeijr  akte  of  the  line  that  ia  moat  edu^i^  \h<^  ^XMS^x^'^v^i 
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^  few  more  i^eral  consideniions  will  that  distance  is  grealesf,  for  then  the 

be  sufficient  to  illustrate  the  manner  in  boundaries  of  the  shadow  oonYerge  kast 

which  they  vaiy,  according  to  the  dif-  rapidly;  and  leut  when  it  is^  least,  for 

ferent  situations  of  different  observers ;  then  they  conyerge  quickest '  But  thii 

and  to  show  how  materially  their  ap-  distance  at  the  time  of  an  eclipse  is  the 

pearances  may  also  vary,  according  to  excess  of  the  sun*s  distance  from  the 

the  different  distances  of  the  sun  and  earth  over  that  of  the  moon ;  for  the 

moon.  moon  is  then  between  the  sun  and  the 

For  this  purpose,  let  us  refer  again  to  earth :  it  is  therefore  greatest  when  the 
^.21;  but  let  us  now  suppose  the  sun's  distance  is.greatest,  and  the  moon*e 
circle,  whose  centre  is  £,  to  represent  least,  or  when  the  sun  is  in  apogee,  and 
the  moon  instead  of  the  earth.  It  is  the  moon  in  perigee;  and  it  is  least  when 
obvious  that  the  moon*s  complete  sha-  the  sun  is  at  his  least  distance,  and  the 
dow  will  be  represented,  in  this  case,  as  moon  at  her  greatest,  or  the  sun  in  peri- 
the  earth's  was  before,  by  the  conical  gee  and  the  moon  in  apogee.  The  esr 
figure  T  P  /,  and  that  the  line  T  N  tremevslues  of  the  length  of  the  shadow 
will  represent  the  boundary  of  the  are  59.73  times  the  wth*s  radius,  and 
penumbra  of  the  moon,  and  there  will  57.76  times  the  earth's  radius.  ^  In  the 
of  course  be  a  similar  boundary  of  pen-  former  case,  when  the  moon  is  in  peri- 
umbra  at  the  same  distance  below  the  gee,  her  distance  from  the  centra  of 
line  S  P.  By  the  same  considerations  the  earth  is  only  55.9  of  the  earth*! 
therefore,  which  we  before  used,  at  any  radius ;  the  earth  therefore  is  nearer 
point  between  the  lines  T  P  and  P  £  to  her  than  the  extremity  of  her  eom^ 
the  sun  will  be  entirely,  at  anv  point  plete  shadow,  and  consequently  there 
between  T  P  and  T  N  he  will  be  pare  may  be  some  part  of  the  earth  within 
tially,  hid  by  the  moon.  At  any  point  the  shadow,  and  at  that  pait  there  will 
therefore  between  T  P  and  P  £,  there  be  a  total  edipoe.  In  the  latter  case^ 
will  be  a  total  eclipse:  at  any  point  when  the  moon  is  in  apogjee,  her  distance 
between  TPandT  N  there  will  be  a  from  the  earth  is  63.87  times  the  eaith'a 
partial  eclipse  of  the  sun ;  for  some  radius.  The  earth  therefore  is  at  a  dis- 
part of  his  surface  will  be  actually  con-  tance  greater  than  the  extremity  of  the 
cealed  from  the  observer,  and  that  shadow,  and  therefore  there  can  be  no 
constitutes  an  eclipse.  If  we  suppose  total  eclipse,  although  there  may  be  an 
the  line  S  P  prolonged  beyond  P,  the  annular  one.  It  is  evident  that  oorre- 
central  parts  of  the  sun  will  be  concealed  spending  calculations  must  be  made  for 
from  an  observer  situated  in  that  pro-  intermediate  distances  of  the  sun  and 
longation ;  but  it  is  evident  that  he  will  moon,'  to  know  exactly  when  a  total 
then  see  part  of  the  sun  above  T,  and  ecligse  is  possible,  and  when  it  is  not  so. 
below  t;  and  as  the  figure  may  repre-  It  is  however  clear  that  whenever  the 
sent  the  section  of  the  sun  and  moon  apparent  diameter  of  the  sun  exceeds 
made  by  any  plane  passing  through  the  that  of  the  moon,  there  can  be  no  total 
centres  of  both  of  them,  the  same  result  eclipse ;  when  it  is  less  there  can  be  no 
will  follow  in  the  case  of  every  such  annular  eclipse, 
plane,  and  there  will  therefore  be  Again,  taxing  the  extreme  case  when 
a  ring  of  light  surrounding  the  moon,  the  sun  is  in  apogee  and  the  moon  is  in 
In  this  case,  the  ring  will  be  bounded  perigee,  the  len^hofthe  moon*s  shadow 
by  two  concentric  circles,  the  centre  of  is  only  59.73  times  the  eiulh's  radius; 
the  sun  and  moon  being  in  the  same  line  and  as  the  distance  of  their  centres  is 
as  the  observer;  but  there  may  be  a  55.9  of  the  same  quantity,  the  distance 
ring  when  the  observer  is  not  accurately  of  the  earth*s  centre  from  the  extremity 
in  the  prolongation  of  the  line  joining  of  the  shadow  will  be  only  3.83  times 
these  centres,  if  he  be  so  little  out  of  it,  the  earth's  radius,  or  the  distance  of 
that  he  still  is  able  to  see  part  of  the  sun  the  part  of  the  earth  most  distant 
on  everj;  side  of  the  moon,  though  more  from  that  extremity  will  be  4.83  times 
on  one  side  than  on  the  other.  An  eclipse  the  earth's  radius.  The  radius  of  the  sha- 
taking  place  under  these  circumstances,  dow  at  that  point  therefore  (which  will 
is  called  an  annular  eclipse,  from  the  be  to  the  radius  of  the  moon  in  the 
L^in  word  annulus,  a  ring.  proportion  of  their  distances  from  the 

The  actual  magnitude  of  the  sun  and  .                                                  4.83 

moon  being  invariable,  the  length  of  the  point  of  the  shadow)  will  be   -  '    * 

moon's   shadow  depends  on  their  dis-  2     o».73 

isuice,  and  is  ol  .course  greatest  when  moon^s  radius,  or  less  than  ^  of  the 
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iiioon*8  radios,  and  as  the  moon^s  radius  deduced  with  respect  to  every  other  sort 

»  only  about  1  of  the  earth.,  thi.  fi^rthTiSl^e^^Sb^atirS^olS; 

...       •„  u    1       tu        >     «  41.  within  the  penumbra  of  the  moon,  and 

qumbty  wJl  be  less  than  -  of  the  agreateror  smaUer  partof  thesuil  wiU 

earth's  radius.    Its  more  accurate  value  !^  hidden,  as  the  place  of  observation 

1  is  less  or  more  remote  from  the  centre 

»  4ft  34342    or  .022054  of  the  radius,  of  the  shadow ;  the  quantity  of  obscura- 

Thereftwc  the  portion  of  the  earth's  sur-  ♦'<"»  Y^J  therefore  be  different  for  dif- 

UcB  at  which  the  eclipse  is  total  at  the  **"?*  ?•«*«• 
same  moment  cannot  exceed  a  cirde       Srace  so  many  circumstances  are  ne- 

vrhose  radius  is  .022054  of  that  of  the  cewwy  Jo  produce  a  total  or  an  annular 

earth,  or  about  eighty-eight  mUes;  if  ecl'Pf.  their  occurrence  at  any  particu- 

the  part  of  the  earth  wh«^  the  shadow  jw  place  is  necessanly  very  rare.    The 

falls  be  supposed  to  be  that  nearest  to  f»»*  ♦"'♦■^  «^P?«  "hich  has  taken  place 

the  moon,  that  is.  when  the  axis  of  the  "» i*"'*""  «"  m  Apnl.  1715 :  uid  there 

shadow  prolonged  passes  through  the  "."  not  been  a  foimer  one  visible  thwe 

centre  ortheei5th.1iuti;  the  cCTtre  of  «»«*  "^?- „.?''•  ^J^'^nJ"  ">«  29* 

the  earth  be  not  directly  i  i  the  line  join-  ;;»*"°?«  »^  Philosophiad  TransacUons, 

ing  the  centres  of  the  sun  and  moon,  the  ?"  f^f!}  » <="""«"  *"A  r""*!  descnp- 

point  where  this  shadow  meets  the  earth  **""  "^  *^«  tS^P»«  <»'  '/ i*  Vr*"^  there  is 

wiU  be  more  remote  from  the  moon  than  ^°  *  valuable  account,  by  Maclaunn.  m 

vre  have  supposed,  and  the  radius  of  the  *•»*  «»™«  '»,?''^  °^  the  phenomena  of  an 

•hadow  there  less.    In  this  case,  how-  "\'?"J«"  "^P^  «*"c»»  he  otecrvedat 

ever,  the  section  of  the  shadow  by  the  Edinbuigh  on  Februaiy  18. 1737.    TTie 

surfaee  of  the  earth  will  be  obUque  to  i^")™*"  >«  each  case  was  considerab  e; 

the  axis  of  the  shadow ;  and  thequan-  "»/he  former  so  great,  that  the  pla- 

tity  of  the  earth's  surface,  from  which  ?,! VT*f '  ^^V'  *"^  X?5"u'  *°* 

thi  sun  is  completely  hidden,  will  con-  ^^e  fixed  stars  CapeUa  and  ^debaran, 

•equently  also  fc  increased.    It  is  evi-  JP??"*''  =  •"  *he  latter,  onlv  Venus  was 

dSt.  however,  that  in  this  case  it  is  disUncUy  observed,  though  some  ob- 

only  a  small  part  of  the  earths  surface  »f  *«"  \hought  they  perceived  other 

at  which  the  iclipse  can  be  total.  .»'"?•  ""J!?  »»«  *hat  be  miognized  stars 

The  whole  region  of  the  earth,  how-  «"  }^.  «[*»*   B*''-      Maclaunn  was 

ever,  where  th^edipse  may  be  total  is  patching  the  progress  of  the  eclipse,  and 

greater  than  we  ha^hitherto  stated  it  ^!''  "«*  "^^  "^  o'  these  observaUons 
to  l>e.    The  moon  is  in  motion,  and  the       ?.,  tt    •      .u  i  •    j  ■• 

centre  of hershadowconsequently moves  ,J^-  Having  thus  explained  «nerally 

also;  if  it  faUs  therefore  upbn  the  earths  *f.   ""*"">  hoth  of  solar  and   lunar 

•uriace.  it  WiU  move  along  a  certain  line  ecl'P«es.  we  proceed  o  some  consider.. 

on  the  earths  surface,  and  the  complete  t*"?"  ^,hich  affect  both  alike, 

diadow  wUI  move  along  a  zone  or  belt  ,.  A»  the  solar  ecliptic  hmits  exceed 

of  that  surface,  and  the  ecUpse  will  be  the  lunar,  there  must  be  more  eclipses 

total,  though  at  different  Hmes.  to  the  «'  ^he  sun  than  of  the  moon,    •fiut 

inhabitantrof  different  parts  within  this  every  eclipse  of  the   moon  is  visible 

belt.    The  whole  of  thfs  belt  however,  whenever  the  moon  is  above  the  hon 

for  the  reason  above  stated,  can  evi-  «op  at  the  tune  when  it  takes  place ;  that 

dently  be  but  a  small  portion  of  the ~ 

entire  surface  of  the  earth.  '« *»»•  '**™r/S?tvI?* "»'••??•«"*<>»*««'" »• 

We  see  then  that  the  time  at  which  a  jSlUKJe'^S^'^o.^^i^e^icS;;  "^^^^^^^^^ 

total  eclipse  takes  place  will  be  different  fore,  is  the  arc  Uirough  which  Uie  moon  may 

At  the  dffforent  nlac«s   where  it  is  ob-  morewhile  the  eclipse  conUnuea  annular:  a  quan- 

ai  me  Oinmni  piaces   wnere  U  w  od-  ^^      howcTer,  which  ought  to  be  a  little  dlmlnlsh- 

Senrable.      its  duration   also  will  be  dlf-  cd.  to  allow  the  luminous  ring  to  be  distinctly 

ferent,  as  the  centre  of  the  shadow,  or  'prmed  all  round  the  moon.    Thegreat«t  dura. 

_    , ^4 ^  ^r  u    *««»««.  tion  of  a  total  ecUpse  Is  when  the  sun*s  apparent 

only  a  more  remote  part  of  it,  passes  diameter  is  the  i^t  (8i'  an.  and  the  moon's 

over  the   spot.      It  can   never  continue  the  greatest  poeaible  (33'  ar).      The  difference, 

*ntAl     »t  ftfiv  nftrtioiilar  nlAce    for  more  therefore,  or  2*  1",  is  the  arc  through  which  Uie 

total,  ac  any  panicuiar  piace,  lor  more  ^^^  ^^^  ^^^^  ^j^^^  ^j^^  ^^^^^^  conUnues  total. 

than   7^  38* ;  nor  be  annular  for  more  The  dnraUon  of   the  greatest  annular  therefore 

ihmn    I2»  24«  •      Similar  results  may  be  «ceeda  that  of  the  greatest  total  eclipse  :  and  the 

—  ^  more,  because  the  moon  in  the  former  case  bdn^ 

at  the  greatest,  and  in  the  lall«T  mX\i«c  \«m.\.  ^\»- 

•  TlM  frcateat  poadble  duration  of  an  annular  tancc,  her  anguUr  ^eVoc\li  nV^  \»%  \km  Vu  ^Iia 

•cllpw  MCtiMrity  acted!  Umi  of  »  totaiccUjiM.  fomtrtlMaliiUitUlMrcMft. 
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is,  to  half  the  snr&ce  of  the  whole  earth ;  11**  25'  40^  of  his  node :  and'  if  thcrt  is 
and  as  she  is  above  the  horizon  of  each  not,  there  can  be  no  lunar  eclipse,  for 
particular  place  as  Ions:,  durin?  the  year,  the  centre  of  the  shadow  is  always  ex- 
as  she  is  below  it,  or  very  nearly  so,  she  actly  opposite  the  sun,  and  therefore 
will  every>^'hore.  upon  an  avorasre.  be  in  at  the  same  distance  from  one  node  that 
any  particular  part  of  hur  orbit  as  ofren  he  is  from  the  other.  In  the  same 
while  above  as  while  bdow  the  horizon,  manner  there  never  can  be  two  lunar 
an'l  thus  half  hor  eclipses,  on  an  averasfe,  eclipses  near  the  same  node,  fbr  if  the 
will  be  visible  to  an  observer  whereso-  moon  is  eclipsed  at  one  full  moon,  the 
ever  situated.  In  the  case  of  the  sun,  centre  of  the  shadow  cannot  then'  be 
however,  we  have  seen  that  it  may  very  more  than  1 1°  *Z'y'  40"  either  before  or 
well  happen,  that  there  may  be  an  behind  the  node :  at  the  succeeding  or 
eclipse,  yet  that  it  may  not  be  visible  at  preceding  full  moon,  the  sun,  and  con- 
many  places  where  he  is  above  the  ho-  sequenlly  the  centre  of  the  shadow,  will 
rizon.  'I'hiis,  takins:  the  fiaure  25,  at  have  been  2\P  6'  from  this  position, 
the  point  T  there  is  that  sort  of  eclipse  (for  that  is  the  space  throng  which, 
called  an  appulsc ;  and  the  sun  is  then  at  his  mean  rate  of  motion,  he  moves 
on  the  horizon.  He  is  above  the  horizon  in  the  synodic  period  of  the  moon,) 
everywhere  from  T  to  A,  and  a^ain  bo-  and  will  therefore  be  at  least  17®  40*  20'' 
yonri  A  to  the  point  corresponding:  to  T,  from  the  node,  or  beyond  the  lunar 
or  the  other  side :  yet,  to  none  of  these  ecliptic  limit,  and  no  second  lunar 
places  is  he  eclipsed.  The  same  con-  (*clipse  therefore  will  take  place.  In 
cln«iions  apply  in  different  deorees  to  the  same  manner,  there  cannot  be  three 
different  cases  of  eclipses;  and  the  con-  solar  eclipses  near  the  same  node:  for 
secjuence  is,  not  only  that  half  the  the  first  cannot  take  place  till'  he  is 
eclipses  of  the  sun,  on  an  averaire,  take  within  17°  21'  27"  of  the  node,  and  as, 
place  while  he  is  below  the  horizon  of  before  the  next  new  moon,  he  must  have 
any  particular  place ;  but  that,  of  those  moved  throujjh  about  29**  6*,  the  second 
which  take  place  while  he  is  above  it,  cannot  take  place  till  he  is  at  least 
many  are  not  visible  there.  Hence,  11°  44'  33''  beyond  it;  and  the  third 
thoua:h  the  wholonumber  of  solar  eclipses  new  moon  will  not  be  till  he  is  29°  6' 
exceeds  that  of  lunar,  the  number  visible  beyond  this  place,  or  far  beyond  the 
at  any  particular  place  falls  short  of  it.  solar  ecliptic  limits.    There  wll  there- 

Tlie  numl^r  of  eclipses  which  take  fore  be  no  third  solar  eclipse.     And  of 

place  in  any  particular  year,  and  still  course,  if  on  the  occurrence  of  the  Urst 

more  the  number  visible  at  any  part  icular  solar  eclipse,  he  be  nearer  the  node  than 

j)lace  cannot  l)e  accurately  ascertained,  wc  have  supposed  him,  or  beyond  it, 

except  by  calculation,  for  the  particular  these  conclusions  are  only  strengthened, 

year  and  place.  But  we  can  tell,  by  very  Asrain,  when  there  are  two  solar  eclipses 

simple  considerations,  what  is  the  creat-  near  the  node,  tliere  must  be  a  lunar 

est,  and    what    the   least    number   of  eclipse  between  them:  for  as  the  solar 

eclipses,  which  can  hsippen  in  any  year,  eclipse  cannot  take  place  unless  the  sun 

and  of  what  nature  such  eclipses  must  be.  be  within  17°  21'  27"  of  one  node,  at 

It  is  plain  that  there  must  be  at  least  the  full  moon  preceding  or  following[  it 

one  solar  eclipse  when  the  sun  is  near  the  sun  will  be  14°  33'  from  that  point, 

the  node.    The  whole  distance  within  or  within  2°  48'  27"  of  the  node,  and  <rf 

which  there  mu.st  be  one  is  15°  14'  47"  course  the  centre  of  the  shadow  at  the 

on  each  side  of  the  node,  or  30°  29'  34"  same  distance  from  the  opposite  node, 

in  all,  and  the  sun  is  more  than  a  lunar  far  within  the  lunar  ecliptic  lunits :  or 

month  moving  through  this  space  ;  and  there  will  necessarily  be  a  lunar  eclipse. 

consequently  there   must  be  one  new  In  the  same  manner,  if  there  be  a  lunar 

moon,  and  may  be  two,  while  he  is  eclipse  at  the  node,  there  must  be  at 

within  1 5°  1 4'  4  7"  of  the  node,  and  thus  least  one  solar  eclipse  there  also :  for  atthe 

there  must  be  one  solar  eclipse,  and  lunar  eclipse,  the  moon  must  be  witlnn 

there  may  be  two.    There  need  not  be  11°  25' 40"  of  the  node,  and  the  sun 

any  lunar  eclipse  there,  for  the  lunar  within  the  same  distance  of  the  opposite 

ecliptic  limits  withinwhichtherecan  bean  node,  and  therefore,  at  the  jn-eceding  or 

eclipse,  being  only  11°  25' 40"  oneach  side  succeeding:  new  moon,  the  sun  will  be 

ofthenode,  or22°5r20"  inall,thesun  14°  33'  from    that   point,  and   conse- 

is  less  than  a  month  in  moving  through  quently   not  more  than  that  distance 

that  space,  and  there  need  not,  therefore,  from  the  node,  even  if  the  lunar  eclipse 

te^  an/  fuU  moon  while  he  is  within  ^ere  in  the  node  exactly,  Thereneyertueo 
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can  be  more  thftnfhree  eclipses,  or  fewer  year,  the  node  at  the  beginning  of  the 

than  one,  when  either  the  sun   or  the  year  will  not  be  more  than  17®  21'  27'^ 

centre  of  the  shadow  is  near  a  given  beyond  the  sun*s  place  then ;  and  as  the 

node :  and  if  three,  two  must  be  solar :  sun's  place  at  the  beginning  of  the  next 

if  one,  it  must  be  solar ;  if  two,  one  must  year  may  be  considered  as  the  same,  but 

be  solar,  and  the  other  lunar.    We  have  the  node  will  have  retrograded  19°  21', 

rken  here  only  of  the  mean  motion  of  the  node  at  the  end  of  the  year  may  be 

sun,  but  his  extreme  motions  do  not  about  2®  before  the  sun*s  place.     Now 

diifer  sufficiently  from  it  to  affect  the  twelve  synodic  periods  are  about  354^ 

truth  of  these  conclusions.    If  however  days,  and  at  the  end  of  these  the  sun 

these  results  be  true  at  one  node,  they  will  be  less  than  1 1®  short  of  his  place 

must  also  apply  to  the  other.    Now  the  at  the  beginning  of  the  year,  and  con- 

nodesy  as  we  have  seen,  have  a  motion  sequently  less  than  9®  from  the  node,  or 

backwards  upon  the  ecliptic  of  about  within  the  solar  ecliptic  limits:  and  it 

19®  21'  in  every  year:   and    the  sun  having  been  new  moon  at  the  beginning 

therefore  having  been  in  a  given  posi-  of  the  year,  it  will  be  new  moon  a^n 

tion  with  respect  to  one  nc^e,  will  he  at  the  end  of  the  twelve  synodic  periods, 

in  the  same  position  with  respect  to  the  and  there  will  therefore  be  an  eclipse 

other,  not  when  he  has  gone  through  of  the  sun.    At  the  end  of  half  a  lynodie 

160®,  but  through  this  quantity  dimi-  period  more,  there  will  be  a  full  moon, 

nished  by  nearly  half  the  annual  retro-  and  an  eclipse  of  the  moon,  but  that 

gression  of  the  nodes,   or,  taking  its  will  be  more  than  14^  days  later,  or 

mean  value,  when  he  has  gone  through  more  than  369  days  from  the  first,  and, 

about  171®*;  and  in  the  space  of  six  consequently,  not  within  the  same  year: 

^nodic  revolutions  of  the  moon,  taking  and  here,  though  the  excess  of  369  days 

the  mean  values  of  the  sun's  motion  and  above  a  year  is  small,  the  inequalities 

the  synodic   period,    he    goes  through  of  the  sun's  motion  and  the    synodic 

about  171®  18 .    These  values,  in  each  period  will  not  be  sufficient  to  bring  this 

case,  may  vary  materiidly,    but  it  is  lunar  eclipse  within  the  year,  for  the 

evident  that  they  may  easily  happen  so  sun's  motion  has  all  its  values  within 

to  correspond,  that  the  sun  during  six  the  year,  so  that  he  will  arrive  at  this 

synodic  periods  of  the  moon  may  have  point  at  the  same  time  as  if  his  motion 

moved  very  nearly  through  that  space  of  were  uniform. 

his  orbit  which  was  necessary  to  bring  The  greatest  number  of  eclipses  then 

him  into  the  same  position  with  respect  which  can  take  place  in  a  year,  is  seven: 

to  one  node,  that  at  the  beginning  of  five  solar,  and  two  lunar.    The  least 

them  he  occupied  with  respect  to  the  number  is  two,  both  of  which  will  be 

other.      In    this    case    therefore,    the  solar.    The  greatest  number  of  lunar 

eclipses  will  take  place  at  each  period,  ecli])ses  which  can  take  place  in  a  year 

very  nearly  in  the  same  order,  and  to  is  three:  for  if  a  lunar  eclipse  takes 

the  same  amount ;  and  there  may,  there-  place  at  the  very  beginning  of  the  year, 

fore,  be  three  eclipses  at  each  ])eriod,  another  may  do  so  when  the  shadow 

or  there  may  be  only  one.    Finally,  the  comes  near  the  next  node :  besides  this, 

node  in  the  course  of  the  year  moves  as  the  node  cannot  be  more  than  1 1® 

through  upwards  of  19° :   if  therefore  25'  40"  beyond  the  centre  of  the  shadow, 

we  suppose  the   first  solar  eclipse  of  at  the  time  of  the  first  eclipse,  or  the 

such  a  series  of  three  eclipses  as  we  beginning  of  the  year,  at  the  beginning 

have  supposed  to  happen  in  each  case,  of  the  following  year  it  will,  in  tAe  same 

to  take  place  just  at  the  beginning  of  the  manner  as  before,  be  7®  55'  20"  before 

' it :  at  the  end  therefore  of  twelve  syno« 

«  rnie  ran  goc8  through  sGO"'  In  a  year,  the  node  dic  revolutions,  the  centre  of  the  shadow , 

letrogndn  iHrough  i^'  2\\  or  nh^A^  in  the  sume  >vhich  will  be  about  1 1®  from  its  former 

time.    Tnelrmean  motions  therefore  ore  in  this  -^i„^«    .„:il    u«  *^«i,,    nUM.,4    iio  r.^_    au^ 

Uroportion.  or  if  the  sun  in  a  given  time  mores  V^^^*  Will    bC  Only    abOUt    4^  from    the 

tbroofb  «  degrees,  the  node  will  more  through  node,  and  there  Will  be  a  lunareclipse  at 

"1^'-  *'**  ''^'"  *•  ■""  returns  to  the  some  ^^^  end  of  the  year,  making  three  during 

node,  the  ram  of  the«e  two  quantities  (as  the  node  i**  continuance. 

haa  rctrofraded  to  meet  .him)  makes  up  the  whole  The  different  phenomena  of  eclipSCS 

dreuafcreBce,  or  jr  +  *|^'-  360,  or  *  -  ^:^  depending  on  the  different  situations  of 

-  341«.C37A1,  or  nearly  ur.    This,  therefo^;  is  ^^^  UOdCS  with  respect  to  thfc  S\m,  %X.\>C«i 


deaeribed  by  the  sun  before  he  retama     time  of  nCW  and  IvxW  mOCin,  \Yv«S   TDXMX 
lo  ctie  Mne  aode,:   the  half  of  it,  17)^  aiii  be     r»«4»mKli»    a.aVi     *v*V^^     «.Vo^fi<M»iP    HVxe?ii 


evpotiuwdc^  Situations  are  vbe  same,    s^^yn  \a%  vk& 

H  % 
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returns  to  the  same  position  with  respect  not  be  above  the  horizon  of  all  the  same 
to  the  node  sooner  tnan  the  close  of  his  places  as  before,  and  therefore  thef  will 
own  revolution,  because  the  node  has  a  not  be  visible  at  all  the  same  places : 
retrograde  motion  on  the  ecliptic.  The  and  in  the  case  of  solar  eclmes,  betidei 
time  m  which  he  does  so  is  346'  14*^  this  cause  of  i^parent  difference,  the 
52™  16*. 032,  or  346.61963  days:  but  sun  and  moon,  although  similarij  si- 
this  does  not  nearly  correspond  with  the  tuated  with  respect  to  the  centre  of  the 
end  of  any  exact  number  of  synodic  earth,  or  to  the  earth  in  general,  will  be 
periods ;  for  as  each  of  these  is  of  differently  situated  with  respect  to  the 
29d  i2*»  44"  2«.8,  or  of  29.530588  particular  point  where  the  observer  is 
days,  eleven  of  these  periods  make  only  placed ;  and  an  eclipse  therefore  which 
324.836468  days,  and  twelve  of  them  recurs  in  its  regular  order,  and  maybe 
make  354.367056  days,  each  of  these  considered  as  identical  in  its  circum- 
quantities  widely  differing  from  that  stances  with  respect  to  the  earth  in  ge- 
required  to  make  the  eclipses  recur  as  at  neral,  will  be  of  quite  a  difiBerent  appear- 
first.  We  may  however  find  periods  ance  to  the  observer  at  a  given  luaoe  in 
which  will  correspond.  Thus  1 9  times  the  two  instances.  Thus  a  total  eclipie 
346.61963  days  are  6585.77297  days,  having  been  observed  in  London  in  April 
and  at  the  end  of  this  period  the  sun  will  1715,  there  must  have  l)een  eclipses 
be  in  the  same  place  with  respect  to  the  corresponding  to  it  in  1733,  1751, 1 769, 
node  as  at  its  beginning;  and  223  times  1787,  1805,  1823  ;  but  none  of  these 
29.530588  days  are  6585.321124  days,  have  been  visible  as  total  eclipses  in 
a  quantity  differing  by  less  than  half  a  London*, 
day  or  12  hours  from  the  other:  at  this       ..^, .i    i,ti.t,,„t.  .t,.»—,i..n«f.t  #!.■«, 

^  A            •   J  At.       r         i.1.  *  It  {•worth  while  here  to  ODsenreusoUiat  torn 

latter  penod  tnerefore  the   sun  is   very  snu>t  be  •similar  recurrence  of  the  phenooMnm  of 

nearly  in  the  same  place  as  before  with  occuiutions  of  the  sxed  •tan  by  the  moon.  Htr 

respect  to  the  node,  and  accurately  so  .-^f^.u^-'lirLo'S'^rSSIhrS^'irSS  5 

With  respect  to  the   moon.     From  this  the  heayen^  a  UtUe  different  from  tho  last:  la 

period  thefefore  eclipses  will  recur  very  different  iytances  therefore^her  aiyarwit  plaet 

■.i..!                   ^,              trV  wUl  coincide  with  that  of  different  atan,  betwaf 

nearly  m  the  same  order  as  before,  ]^et  which  and  the  earth  she  win  paM,  and  there  win 

not    so    accurately  as  to  dispense  with  be,  according  to  the  account  already  given  of  that 

the  trouble  of  computation :  for  the  irre-  ^''ZVZ'lS^'^^:^'S'S:^pil^£Si 

gulanties  of    the  motion   of   both    sun  yislble  depend  on  considerations  rather  aimplcr 

and  moon  make  the   positions,  which  *f"  ^H?"  '•If"^^,  ***  J.J!***"  **'"?!!  *  ^^'^ 

J    ,        ,  ^           Ai-  *^         ^z"  I       •.«wi-  although  the  principlenofthe  computation  are  very 

are  deduced  from    the  mean  values  of  nearlythe  same.  jH,  the  •Ur.  being  motloaksi 

the  motion   of  the  node  and  the  synodic  ^*  ^■▼e  ^o  allowance  to  make  for  the  auittoB  of 

neriods     inacciiratp  for    anv  nartlpnloi.  thebodyconcealed,  aainthecaseoftheauni  and 

penoas.   inaccuraie  lor   any  particular  „  ih^y  „^  t^o  disUnt  to  have  any  oboenrahlepa- 

Case  ;  and  besiues  this,  the  situations  at  rallax,  we  are  also  enabled  to  leave  that  elcmtBt 

the  berinning  and  end  of  the  period  in  °"^  "'  *¥  caicoi*"©"-     ij««  circanMtMew 

^..»«4:^«  «..«    «^f  ««  ..  .4.  I           J   -1  therefore  depend  merely  on  the  moon'a  appaitnt 

question  are    not  accurately  and  iden-  diameter,  pwallax.  place,  and  rate  of  motfoT  It 

tically    the   same.     This    period  of  223  !•  not  necessary  here  to  enter  into  any  ftutherde- 

montlis  was  early  discovered  by  the  as-  ''itfapurnthatinthisca.e.  -  weu-inthrtof 

tronomers   of    Chaluaea,    and    used    by  eclipses,  these  phenomena  must  succeed  each  ochcr 

them  for   the    purpose   of  foretelline  2^"^^  *°  *?*  ■*?*  ®;^*''  *^J  t  ***■*  intfw* 

ij                           tr     tr                                   6  The  stars  themselres  however,  having  no  rnodoa, 

eclipses.  the  period  in  this  case  is  more  simply  doiennlncd. 

Still,  for  general   purposes,    we  mav  The  nodes  complete  their  revolutions  in  67W.4in8 

cav  thof  fhacowio  oo^il^,  />r^»i;»o<^<.  «.^^..j!.  ^y**  »nd  at  the  end  of  this  time  Uie  moonfsor- 

say  that  the  same  series  of  eclipses  recurs  wt  must  coincide  wiui  lu  place  at  the  begimdif 

m  a  little  more  than  18  years,  for   6585  of  it.     There  must  therefore  be  verv  nearly  tbt 

days  exceed  that  time  by  10  or  1 1  davs  f""*  "uccession  of  occuitaUona.    They  «iu  not 

««  «u».»  u« ^^  «^  1     i            *         I -^  however  exacUy  correspond,  becanae  her  altoatloa 

as  there  happen  to  be  five  or  four  leap  with  respect  to  the  apogee  or  perigee  of  her  orWK 

years  among  the  number.    Even  then  ^^  "®*  be  the  same  in  both  caaeo)  and 


therefore  will  be  in  a  diiferent  1)Osition  »olarecllp»€8,  at  the  same  place  on  the  enith'sinr- 

tirifh  rp«nwt  in  fhp  nhcprvor  of  /Ko   ««*i  '*"»  f*""  **»«  moon  would  be  differently  altoatid 

Wlin  reject  to  me  observer  at  the   end  with  respect  to  any  particular  spot  on  the  eanh'k 

from  what  he  was   at   the  beginning  of  surface,  although  similarly  with    respect  to  ill 

the  period;   and  the  moon   beinc  either  ""*"'•  .These  phenomena  therefore  requli*  to  be 

;..  »rv.>:..»»f:^»  .„:*u   «  •^-       7  accurately  calculated  In  each  case,  although  a  i«- 

m  conjunction  with  or  in   opposition  to  glster  of  those  which  have  hitherto  taken  plLw nay 

him  will  be  so  also.     Even  in  the  case  '^abie  us  very  nearly  to  tell  what  atars  wlU  bt 

of  lunar  edipKS  therefore  the  moon  wiU  "$IS'i:^5tt?.SS:;SSSESiti2'p331* 
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the  Appeiraoces  themselves  battle  of  GrAu^mela  or  Arfoela*  was 
noust  they  might  well  con-  fought  has  been  determmed  from  its 
:  misunderstood.  It  reauires  happening  1 1  days  after  an  eclipse,  the 
d  knowledge  to  foretel  tnem ;  period  of  which  has  been  computed ;  and 
expected,  the  disappearance  the  date  of  the  battle  already  mentioned 
of  one  of  the  great  luminaries  between  the  Medes  and  Lvdians,  of 
ivens  might  not  unnaturally  which  even  the  year  was  not  known,  has 
larm  among  uneducated  men.  been  similarly  investigated,  for  there  was 
lingly  we  find  in  early  historians  only  one  eclipse  about  that  time  which 
if  great  terror  thus  produced,  could  be  total  in  the  part  of  Asia 
rere  considered  as  omens  of  where  it  was  fought.  It  is  one  of  the 
n  one  memorable  occasion  a  most  remarkable  triumphs  of  science 
reen  the  Medes  and  Lvdians  is  that  it  has  been  able  to  extract  from 
e  been  broken  off,  and  a  peace  phenomena  so  complicated  and  perplex- 
in  consequence  of  an  eclipse,  ing,  the  rules  and  principles  on  which 
les,  a  philosopher  of  the  time,  they  proceed,  and  from  them  to  ascer- 
nablea  to  compute*.  We  see,  tain  the  dates  of  events  almost  lost  in  the 
tiat  in  realitv  these  remarkable  confusion  of  early  histoiy,  and  removed 
%  are  only  the  natural  and  ne-  by  thousands  of  years  n'om  the  time  at 
tnsequences  of  that  uniform  which  they  have  been  investigated, 
motion  which  we  have  de-  We  have  thus  explained  the  main  cur- 
hat,  however  varied  and  com-  cumstances  of  the  moon's  motions,  and 
eir  appearances  may  be,  they  may  now  proceed  to  the  consideration  of 
I  necessarily  and  direct Iv  from  those  presented  by  the  remaining  celestial 
le  laws  as  the  conunon  changes  bodies.  Inquittmg  the  subject  of  the 
inth  and  year :  and  that  an  moon  however  for  the  present,  it  is  of 
phenomenon  no  more  strange  importance  to  remark  that  her  motions 
re,  or  portentous  in  its  occur-  are  much  more  complicated  than  we  have 
n  the  new  or  the  full  moon,  hitherto  represented  them  to  be.  There 
er  ordinary  appearance  which  are  many  apparent  irregularities,  which 
er  thought  of  making  an  ob-  require  corrections  to  be  introduced  into 
m.  In  the  present  improved  our  computation,  and  no  account  of  her 
ience,  indeed,  the  very  eclipses  phenomena  can  be  considered  accurate 
len  they  occurred,  spread  an  and  complete  without  introducing  and 
error  among  mankind,  have  explaining  these.  Many  of  them  are 
B  subservient  to  the  history  of  very  small  in  amount,  others  are  con- 
Fhen  they  took  place  :  for,  by  siderable ;  but  at  present  it  would  only 
Knrious  application  of  the  same  perplex  the  reader  to  enter  into  any  de- 
which  enable  us  now  to  com-  taU  of  them.  Hereafter  when  we  explain 
)ocurrence,  the  duration,  and  the  causes  from  which  they  proceed,  we 
it  of  eclipses  about  to  happen  shall  be  better  able  to  pomt  out  the 
an  ascertain  the  same  pomts  manner  in  which  some  of  them  arise, 
ct  to  those  which  did  actually  It  will  be  foreign  to  the  purpose  of 
aewhere  long  a^o.  For  in-  this  treatise,  even  then  to  attempt  to 
e  very  day  on  which  the  great  explain  them  all,  or  even  to  give  a 
tTfortheDiffa.ionofU.en>iKoow.  complete  list  of  them.  Mwiv  of  them 
great  facutues  for  discovering  whe-  cannot  l>e  explained  exccpt  Dy  means 
jtetion  of  any  giren  sur  is  likely  to  of  the   most    laborious   mathematical 

»^2«r,?'lS  mL'ta'TylSS  investigaUon.  by  which  alone  some  of 

omtbe  Nautical  Almanac  npoo  one  of  them  havc  ever  been  discovcred ;  and 

it„1:^AXuX?;!^j:%1SlS^i:.  " »«*>"  ««  publ»hed  for thepurpose 
iMM  places  ^  a  itratghtline  (for  in  ^  of  enabling  the  sailor  or  Uic  astronomcT 

he  projecUon  of  erery  great  circle  is  a  readily  to  COmpute  the  mOOn*S  plaCC  at 

i^i^ZZSSi'Si^^Z  any  assigned  period,  in  which  £i  these 

be  Inferred  that  the  sur  must  be  oc.  corrections  are  included,  it  is  to  those 

rh«e.  It  iriu  be  recollected  that  parsi-  elaborate  works  that  everv  one  will  have 

8  the  moon;  if  therefore  the  line  is  ««*»w*i»*^  »tv»«j»»  ••          '  */     "    -  .      ~^ 

the  star,  It  may  be  concluded  that  an  rCCOUrSC  fOr  purpOSCS  Of  actual  mVCStl- 

*tlhi/^***ur*^'*^£i*^*h  wiiTT'  gation,  in  which,  and  in  which  only, 

».   The  ftlit.  and°he  ^icuUrs'of  ^ese  minutc  conrectioDS  have  much  im- 

e,mnstthenbeascertaincdby  accurate  portanCC* 
It  la  nnoecessary  to  take  the  effect 

I  into  conaldcnaloiit  for  that  aflSecta     "TZirZ      »  _^  „  .,         mi    m^  ^^ 

I  suf  equally,  *  Cliiitoii»  Faat,  HtU.  aoa.Ml«  Biiii««C<^TiMiH 
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CitA?.  IV.  the  least  which  has  heen  ascertained, 

-            --,.,.    o,      .            „  not  less  than  4"*.    A  more  important 

SscTiON  Z.-^OfUut  Planets generaUy-^  observation  is,  that  these  apparelit  dia- 

Ihstincii€H  of  mpenor  and  tnfmor  ^^^^^  ^^^  ^^^^^  ^^  ^^^  j„  ^  s„e 

Flanett.  planet.    The  distance  of  the  same  planet 

Wb  now  enter  upon  the  consideration  from  the  earth,  consequent Ijf.  is  yariable 

of  the  motion  of  another  set  of  bodies,  also ;  and  if  we  observe  its  direction 

which  present  some  of  the  most  remark-  from  the  earth  at  the  time  when  these 

able  appearances,  and  lead  to  the  most  proportional  distances  are  syscertained, 

remarkable  conclusions  of  any  which  we  shall  know,  as  in  the  former  cases, 

the  heavens  offer  to  our  consideration,  what  is  the  course  it  appears  to  desoibe 

These  are  the  planets*    They  appear  in  with  respect  to  the  earth, 

the  heavens  as  stars,  only  distinguished  When  we  proceed,  however,  to  make 

from  the  rest,  in  the  first  instance,  by  the  these  latter  observations,  we  shall  not 

greater  brightness  and  apparent  mai^i-  find  the  motions  of  the  planets  to  he  of 

tude  of  most  of  them,  and  by  shining  that  simple  nature  which  those  of  the 

with  a  steady  uniform  lustre,  somewhat  sun  and  moon,  in  their  general  ovIUn?. 

like  that  of  points  upon  the  moon*s  sur-  have  appeared  .to  be.    Tjiey. trace  out  qo 

face,  instead  of  the  twinkling  li^ht  of  regular  curve,  as  a  circle  or^  an  .ellipse ; 

the  stars  in  general.    These  are  circum-  and,  what  is  of  still  more  importance, 

stances  of  distinction ;  but  it  is  when  we  their  radius  vector  (if  we  .suppose  a  line 

proceed  to  more  minute  inquiry, — when  drawn  from  them  to  the  earth  to  be  so 

we  examine  their  appearances  through  called),  does  not  describe  equal  areas  in 

a  telescope,  and  register  their  situations  equal  times.    There  are,  however,  some 

in  the  heavens  at  di£fercnt  times,  that  we  circumstances   common   to    them  .aDf 

discover  ourselves  to  be  regarding  a  class  which  may  be  mentioned  at  once  befise 

of  objects  widely  different  froni  any  of  we  proceed  to  the  more  particular  oon- 

which  we  have  hitherto  treated.  sideration  of  each.    They  all  appear. 

The  peculiar  appearances  presented  although  in  different  periods,  to  hav^  m> 

by  each;  will  be  stated  separately  here-  motion  from  North  to  South,  and  firom 

alter;  but  we  may  say  at  once,  that  South  to  North;  they  all  qppear,  al- 

some  of  them  exhibit  different  phases ;  though  in  different  periods,  to  have  a 

two,  indeed,  Venus  and  Mercury,  pre-  motion,  generally  speaking,  from  Wnt 

senting  nearly  all  the  phases   of  the  to  East,  and,  consequently,  .to  return 

moon;    one  other.    Mars,    sometimes  again  to  the  same  ri^ht ascension vhicli, 

very  observably  gibbous ;  the  remaining  at  some  former  period,  they  had.    But 

Elanets,  from  circumstances  hereafter  to  though  these  appearances  coErespond, 
e  explained,  hardly  perceptibly  so.  in  this  general  statement,  with  the  ap- 
Those  which  present  these  phases,  al-  pearances  presented  by  the  .sun  and 
ways  turn  their  enlightened  part  towards  moon,  there  is  this  remarkable  differ- 
the  sun ;  and  we  conclude,  therefore,  ence  between  them  besides  those  already 
with  respect  to  them,  in  the  same  man-  mentioned :  that  all  the  planets,  during 
ner  as  in  the  case  of  the  moon,  that  they  the  period  which  they  take  to  return  \fi 
shine  only  by  the  reflected  light  of  the  their  original  right  ascension,  appear  to 
sun.  We  also  find  that  their  enlightened  have  for  a  time  a  retro^ade  .motion, — 
parts  are  bounded,  like  those  of  the  that  is  to  say,  a  motion  in  the  opposite 
moon,  by  elliptical  and  circular  lines ;  direction  from  that  of  the  sun,  or  froqi 
and  we  thence  infer,  that,  like  her,  they  East  to  West.  This  is  less  in  duration, 
are  nearly  spherical.  We  shall  hereafter  and  in  its  average  rapidity,  than  their 
see  cause  to  form  the  same  conclusions  direct  motion  from  West  to  East,  .and  it 
with  respect  even  to  those  which  have  is  by  the  superiority  of  this  latter,  that 
no  perceptible  phases.  they  are  finally  brought  round  to  their 
Again,  we  are  unable,  by  the  most  original  right  ascension ;  but  the  retro- 
powerful  instruments,  to  discover,  at  grade  motion  exists  in  ^. 
least  with  any  certainty,  that  the  brightest  Another  circumstance  of  similarity 
of  the  fixed  stars  subtend  any  assignable  which  was  supposed  to  exist  among 
angle  at  the  earth ;  we  cannot,  there-  these  planets,  was  this,  that  they  never 
fore,  affix  any  value  to  their  apparent  appeared  beyond  a  certain  distance  from 
diameter;   but  this  is  otherwise  with     — 

respect  to   almost  ail   the  planets,  their  *  However,  the  diameters  of  the  smaU  plastti 

ap])areHt  diameters  are  easily  observable,  "cently  discovered  nre  »o  small  «&  hnrdly  to  idnlt 

tpe  greatest  bffng,notks»{\i»xi6\",txA  •pU"'fr,7ur   "*»  ^"'•"'i^ 


lY.  $  2  j  ASTRONOMY.  103 

the  eoliptia    OlBie  inoon*i  orbit  we  have  leen  to  pass  occisionally  between  the 

alceady  seen  is  inclined  to  the  ecliptic  earth  and  the  sun,  while  the  other  planets 

ftt  an  anf^  of  not  much  more  than  5^,  never  do  so.    Hence  these  two  planets 

and  her  distance  from  it  can  never,  there-  are  called  inferior  planeU,  the  rest  supe* 

lore,  exceed  .that  quantity.    The  planets  riorplanelt;  and  the  detul  and  expla* 

were  supposed  to  -be  never  observed  be-  nation  of  their  phenomena  will  be  some- 

ypnd  aodut  7^  from  it  also ;  and  a  space  what  different  in  the  two  cases. 
of  8°  on  each  side  of  the  ecliptic  was,  in 

in  consequence,  supposed   to  include  g  jj     q^  ^    p^         ^ 

withm  It  all  the  varying  appearances  of       J; '  ^1^  a/A/./.^o  ^z*  ih^  u^  ..!a.J21 
the  yesr,  and  this  s^e  received  the       ^SHlr  ""^  ^^  '"^  '"•^^'^^'^ 

name  of  the  zodiou:.    Within  this  space        -^'«"«*- 

the  twelve  constellations,  according  to  The  appearances  presented  by  the  two 
which  we  have  already  stated  the  dif-  inferior  planets  are  exactly  of  the  same 
ferent  divisions  of  the  ecliptic  to  have  nature.  We  may,  therefore,  detail  them 
been  named,  are  situated;  and  they  together;  only  mentioning  afterwards 
have,  in  consequence,  received  the  name  the  numerical  values  which  in  each  case 
of  iigM  (^  the  zodiac.  At  the  time,  are  to  be  assigned  to  the  different  ele« 
however,  when  the  zodiac  was  thus  ments  of  which  we  treat. 
marked  out,  all  the  planets  had  not  been  Neither  of  these  planets  is  ever  seen 
discovered,  and  now  that  others  have  beyond  a  certain  elongation  from  the  sun. 
been  so,  the  observation  itself  is  no  longer  Within  this  distance  it  appears  succes- 
true.  The  planets  then  known  were  sively  at  all  different' angles  from  the 
five,  and  each  received  the  name  of  one  sun,  except,  indeed,  that  when  the  planet 
of  the  divinities  of  ancient  fable:  they  comes  very  near  the  latter  body,  it  be* 
were  Mercury,  Venus,  Mars,  Jupiter,  comes  invisible  in  the  bright  light  which, 
and  Saturn.  Modem  discovery  has  add-  even  while  below  the  horizon,  the  sun 
ed  five  to  the  list :  Vesta,  Juno,  Ceres,  spreads  around  its  apparent  neighbour- 
Pallas,  and  Uranus.  These  are  all  hood.  In  this  manner  it  is  lost  to  view 
named  in  conformity  with  the  same  sys-  for  some  time,  but  it  reappears  again  on 
tern ;  but  Uranus  is  also  often  spoken  of  the  opposite  side  from  that  on  which  it 
as  Herschel,  having  been  so  named  after  disappeared ;  it  gradually  is  seen  further 
Dr.  Herschel,  who  discovered  it,  and  and  further  from  the  sun,  until  it  arrives 
mlso  as-theGreorgian,  or  Georgium  Sid  us,  at  a  considerable  distance  from  him ;  it 
having  been  discovered  in  England  then  continues  for  a  short  time  appa- 
diuring  the  reign  of  George  III.  Uranus,  rently  at  the  same  distance  from  him, 
like  the  planets  earlier  known,  is  never  and  then  again  approaches  him  con« 
seen  beyond  the  limits  of  the  zodiac;  tinually,  until  it  is  lost  in  the  brightness 
the  other  .four  new  planets  are.  of  his  beams,  and  afterwards  reappears 

For  convenience  in  registering  their  on  the  opposite  side  of  him.     IJeing 

observations,  astronomers  have  agreed  never  seen  beyond  a  certain  distance 

to  represent  these  bodies   by  certain  from  him,  it  is  evident  that  the  planet's 

symbols,  as  in  the  following  table : —  motions  have,  either  by  necessity  or  ac- 

Mercury    .    .     g     Geres  .    .    .     ^  cident,  a  certain  relation  to  his,  which 

Venus  ...     $     Pallas.    .    .     /  brings  it  alternately  before  and  after  him. 
Mars    ...     it     Jupiter     .    .     'U.       "^^^  place  of  these  planets  is  never 

Vo«#«    '    *    *     ^     Qot.irn     *    '     ?  ^^^y  distant  from  the  ecliptic,  and  they, 

vc^i^    •    •    •     •     ^f ^"^"     •    •     ^  consequently,  when  on  one  side  of  the 

«^*./    '    '     ?  ^^^°^    •    •    ^  sun,  set  later;  when  on  the  other,  they 

Abides  these,  symbols  have  also  been  rise  earUer  than  he  does ;  and,  as  their 

chosen  for  the  sun,  the  moon,  and  the  elongation  is  confined  within  the  limits 

ef|rth,  namely ; —  ^e  have  mentioned,  they  can  never,  un- 

TheSun.    .    0     The  lyioqn.    .     ]>  Jess  where  the  pole  is  very  much  elevated 

TbCiEarth    .    0,  or  i  .  above  the  horizon,  be  visible  all  night; 

There  are  two  remarkable  distinctions  but,  on  the  contrary,  only  for  a  certain 

between  the  appearances  of  Mercury  period  either  after  sunset,  or  before  sun- 

ftod  Venus,   and   those   of  the  other  rise,  according  as  they  are  to  the  East 

planets.    The  other  planets  are  seen  at  or  to  the  West  of  the  sun.    Mercury  is 

all  distances  or  elongations  from  the  not  an  object  of  sufficient  magnitude  to 

■nn.  Mercury  never  more  than  29° from  be  much  noticed*,   bwl  \^tv>\*  v*  >^cv^ 

bim,  Venus  never  more  than  4h^;  Bxidt  brightest  lum'maT^  ol\V\e  \\^^N^tv^«  ^SV«k 

besidw4hi^  Mwfvuj  and  Veoiur  are  the  sun  and  moon -,  «ndVa  v^VLvn.^''^'^ 
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W*pprouibef  .to  cointidepM  ,«Uh    ftlipKScitt  th««iibit.iii:llM4woiKi)Dts 
Oe,  aai  lat  lit  nippoM  ttt«  jbodjto 


JnadJition.then,  1o  the&ctiwetatve 
alreidy  stated,  ne  find  that  during  the 
,cauree  of  phases  which  ihe  planet  goes 
Ihroufib,  it  is  duriog  the  whole  period 
of  its  Rppearingu  a  crescent,  nearer  tp 
the  earlp  than  the  sua  is;  and  that 
.during  part  of  (he  time  of  its  appetkring 
,gibbau>,  it  is  farlher  from  tne  eartb 
than  the  sun  is. 

CombininK  this  nith  the  other  pheno- 
mena of  their  appearance  allemately  oa 
each  Bide  of  the  sun,  it  naturally  fol- 
lows Ihat  these  iJantrts  must  describe 
some  sort  of  orbit  round  the  sun :  it  re- 
mains, therefore,  to  examine  whether 
.tills  supposition  will  account  for  those 
retrograde  and  stHtionary  appearances 
nbiqh  we  have  detailed. 

For  this  purpose  we  will  £rst  con- 
sider what  would  be  the  appearance^ 
presented  if  the  planet  were  lo  describe 
any  orbit  round  the  sun,  and  the  sun 
itself  had  no  motion.  We  shall  repre- 
■'      orbit  by  a  circle,  not 


F^g.38. 


move  in    this  direclion ;   y,  C  T,  <% 
and  that  thi?  motion  is  frppi  weat  to 


Bs  inc   muti  iimpie  ana  lamuiar  curne,  — nr        ~i —   I — 

We  have  already  seen  that  the  inferior  .;j«  "««?,  "9^  "O*  trouble  ounqlres 

nlanels  occasionally  pass  between  the  T"  considering,  in    any  d^il,    the 

earth  and  the  sun :  the  radius  of  the  ?^f^'  "^loh  would  he  presented  by  a 

circle  which  repreRents  the  orhit  of  one  y°°y  moving  in  the  oi;brt  Y,  ,C  Y,  c; 

of  them  must  therefore  be  less  than  the  '*  ^  obvious  hat  the  exterior  angle  of 

line  wpresf  nling  the  distance  .from  Ihe  "ongation  will  contLnuallyinoreaM  from 

earth  to  the  sun,  '^'  ""«« ■''  '*  nothing,  to  C  where  it  ii 

laM-  28,  lhen,let  S  represent  the  iso^beijig  90  at  Y,,  where  the  body  i» 

sun.   E  the  earth,  and  Y,  C  Y,  c,  a    '""  '"  *'"* '' ' '  "  * * '"  •"- 

circle  described   round  S  with  a  radius 
less  than  8  .E,  the  orbit  of  any  inferior 


seen  in  the  direction  of  a  taqgept  to  the 
orbit,  and  is  consequently  at  its  greatest 
elongation ;  and  that  it  will  again  de- 


planet,  J.*t4iY..  E  Y„  betaneenli  wease  in  the  corresponding  manner 
drawn  from  E  to  this  circle,  E  v,  V,.  («>ro  ?  to  c,  bemg  sgain  of  Ihe  vajue  of 
E  V.  v..  any  two  lines  drawn  through  '"  *^Y-  ^^  P"'"'  "here  a  .tap)^ 
the  orbit,  one  on  each  side  of  E  8.  Let  arfntrom  E  meets  the  circle  on  that 
_^  side  of  E  S,    The  motion  of  the  pljuiet 

•  Tht  gune  retulli    my  be  dcdnced  by  ob.  being  from  west  lo  east,  it  will„thrpl1gh- 

fereniuniM  in'oortt'on  "o['*m(S«'?»ldMt'"D'"''  ""'.'^^  seipicircle, appear 00  the  v^eslem 

bK[»,  Ui>n  In  tiiher'wiy,  by  obHiiuioDonu  ^'''^  ^^  '^^  ^"">  throughout  the  semi- 

-"--- itnc  AUnyon*  circle  C  Yj  c  on  the  eastern*;  and  the 

'ouinodM»^u«  PO't'on  of  Ihe  disk  visible  will  coniinu- 

...  ._  .___.,_  ,^j  ally  increase  while  it  ii  in  Ihe  former, 

Btcnt  and  continually  decrease  while  it  is  ia 

of'ihe  "'^  Mter  pstt  of  its  course.    These  re- 

u  lu  suits  correspond  with  those  already  men- 

't'til  tioned  as  discovered  by  observation. 

'^  "■'  ~Th 

"ev  rti''"^"o°S;"^||,";°";°f  "■«C"UrViiS 

'oIh«  ">.',n|lA''Y,'EV,.v"T"'<rrEm"™^'n'[ht 


drabie  lU  dItUact  al  l',0(  it  Vonlfl  bt  ,y  E,3> 


rr,  uic  icmlclnla  a  V,  C  to  on 
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Afpkif  of  all  lii^.drBi9ai  .from  V  to 
ithe  circle,  the  le^st  is  £  c,  the  grei^test 
E  C,  and  the  lines  iM^.coiitinualbr  greater 
than  each  othejr  as  they  jrecede  from  c 
and  approach  C ;  thrpi^hout  the  seqii- 
cicde  c  Y,  C,  or  the  western  semi- 
circle, therefore  the  distances  £  c,  £  r,, 
E  Yj,  E  V|,  continually  increase,  and 
the  apparent  diameters  continuaJll^  di- 
minish ;  and  .throughput  the  seroicirde 
C  Y^c,  the  eastern  semicircle,  the  dis- 
tances jcontinually  diminish,  and  the  ap- 
partiut  diameters  continually  increase. 
This  again  corresponds  with  the  results 
of  observation. 

Lastly,  it  is  evident  that  the  motion 
of  the  planet  Indng  from  west  to  east, 
while  it  moves  through  the  arc  Y,  C  Yt, 
its  apparent  motion,  which  w.ill  be  mea- 
sured by  the  ant^le  Y^  £  Ys,  will  be  in 
that  direction  also ;  or  it  wiU  he  direct. 
At  the  points  Y^,  and  Yg,  the  motion  in 
.the  orbit  for  a  short  period  is  in  the  di- 
rection of  the  tangent ;  the  position  of 
the  body,  therefore,  will  appear  for  a 
time  unchanged,  or  the  body  will  be 
Mlaiionary.  Throughout  the  arc  Yg  c  Y^f 
the  apparent  motion  of  the  body  will.be 
measured  by  the  an^e  Y^  £  Y  ^,  mea- 
sured in  the  opposite  direction  from 
Y^  £  Yn,  or  from  east  to  west ;  or  the 
motion  wiU  then  he  retrograde. 

These  results  have  a  considerablp 
correspondence  with  those  collected 
Xrbm  observation.  They  give  us  direct 
and  retrograde  motions,  and  account 
for  a  stationarv  appearance.  The  mo- 
tion, also,  on  the  eastern  side  of  the  sun 
is  at  first  direct  from  C  to  Y,,  then  the 
.body  appears  stationary,  and  then  the 
motion  becomes  retrograde  from  Yg  till 
it  disappears  near  c ;  and  on  its  re-ap- 
pearance on  the  western  side  of  c,  the 
Dody  still  has  a  retrograde  motion,  till 
it  becomes  stationarv  at  Y^,  ^nd  theji 
has  a  direct  motion  between  Y^  and  C. 
So.fiur  the  results  appear  to  correspond 
with  ^ose  of  observation;  but  they 
differ  in  two  very  material  circum- 
stances. On  the  supposition  that  we 
have  made,  the  appt^nt  direct  and  re- 
trograde mptiqns  are  measured  ;by.ibe 
same  an^le  V  i  £  Xa*  measured  in  op- 
posite directiops;  or  they  are  equ^, 
and.Uie  ,body  appears  stationary  at  Y^, 
Ya,  the  points  of  greatest  elongation, 
and  commences  its.retregrade  motion  as 
soon  as  it  quits  Y.,  ana  continues  ittQl 
itarrive^  at  Y^.  In  reality,  as  we  have 
already  seen,  the  amount  of  retrograde 
is  Less  ttHMA.th^  of  direct  motion;  and 


it  fiassei  Ya»  and  recommences  itbefoi^ 
it  arrives  at  Y^,  having  its  stationary 
ppints  somewhere  between  those  points, 
as  at  v^  and  v,,  and  its  retrograde  mo- 
tion confined  to  the  arc  between  those 
points.  Oiv  supposition,  therefore, 
though  it  £;ives  us  results  corresponding 
to  a  considerable  extent  with  those  ac- 
tually observed,  does  not  at  present  re- 
present them  correctly.  Indeed  it  is 
impossible  that  it  should  do  so,  for  w^ 
have  supposed  the  point  S  stationary, 
or  that  the  motions  of  the  planet  are 
measured  from  S,  the  sun,  considered 
as  a  fixed  point ;  whereas  S  is  itself  in 
motion.  Our  results,  therefore,  drawn 
fromy^.  22,  cannot  fiilly  explain  actual 
appearances  until  we  take  into  account 
.the  .motion  of  S. 

The  motion  of  the  sun  itself,  as  seen 
from  the  earth,  is  a  direct  motion  ;  the 
motion  given  to  the  planet  itself,  there- 
fore the  supposition  of  its  partaking  of 
the  sun*s  motion  would  be  a  direct  m(>- 
tion  also.  This  will  at  once  appear  from 
the  inspection  oifig.  29.  Let  A  B  C  D 
represent  any  different  bodies,  to  all  of 
which  an  equal  motion  in  the  same  di- 
rection is  given;  and  let  the  amount 
and  direction  of  this  motion  for  a  short 
time  be  represented  by  the  equal  and 
parallel  lines  A  a,  B  6,  C  c,  D  {^.  Sup- 
pose, also,  that  £,  a  point  in  the  line 
d  P  produced,  is  the  situation  of  the 
observer ;  and  that  the  apparent  motion 

i^.29. 


of  the  point  A,  which  will  be  measured 
by  the  an^le  A  £  a,  is  a  dived  motion. 
Jt  is  obvious  by  mere  inspection  of  the 
figure,  that  the  angle  B  £  6,  which  re- 
presents the  apparent  motion  of  the 
point  B,  will,  if  the  point  B  be  on  the 
same  side  of  the  line  £  D  that  A  is,  V^ 
measured  in  the  same  dvc^Wyci  >i^«X. 
A  £  a  is.  Or  it  wViibe  a  ^«nX  xskCt>S!Q»Tw 
also;  aiidthat.CEic»\bea^^ax«oXx&K^ 
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tion  of  C,  a  point  on  the  opposite  tide  of  the  retrograde,  and  the  whole  apparent 
£  D,  is  measured  in  the  opposite  direc-  motion  would  tiien  always  be  direct.  If» 
tion,  or  it  is  a  retrograde  motion.  The  however,  this  be  not  so,  it  is  yet  evident 
points  D  d  are  seen  in  the  same  line  £  D,  that,  for  some  time,  the  dhrect  would  cz- 
and  D  therefore  has  no' apparent  motion  oeed  the  retrograde  motion ;  for  the  re- 
at  all.  Now  to  apply  these  observations  trograde  motion  is  evidently  very  little 
to  the  case  of  an  inferior  planet,  we  for  some  distance  near  the  pointi  Y,, 
may  suppose  A  to  represent  the  sun,  Y^,  in  >^.  28,  the  points  of  greatest 
and  A  a  its  actual,  or  the  angle  A  £  a  elongation,  the  curve  at  first  departing 
its  apparent,  motion.  In  this  case,  A  a  very  little  from  its  tangent;  and  on  the 
must  be  drawn  perpendicular  or  very  other  hand,  it  is  evident,  also,  that  the 
nearly  so  to  A  £,  for  the  sun  moves  in  retrograde  motion  is  greatest  at  c,  the 
an  orbit  very  nearly  circular,  the  earth  point  of  inferior  conjunction :  for  then 
being  in  the  centre,  and  the  direction  of  the  planet  is  nearest  the  earth,  and  iti 
his  motion  is  therefore  very  nearly  per-  motion  also  being  perpendicular  to  the 
pendicular  to  his  radius  vector.  For  the  line  joining  them  produces  the  greatest 
sake  of  simplicity,  we  will  suppose  it  effect.  It  may,  therefore,  well  happen 
accurately  so.  N  ow  £  D,  the  direction  that  for  some  time  after  the  periods  *of 
of  the  line  in  which  there  is  no  apparent  greatest  elongation,  the  direct  may  over- 
motion,  and  beyond  which  the  apparent  come  the  stationary  motion,  and  the 
motion  becomes  retrograde,  is  necessa-  whole  apparent  motion,  therefore,  be 
rUy  parallel  to  A  a,  the  direction  of  the  direct ;  that  they  may  then  become 
actual  motion;  in  the  case  supposed,  equal*  in  which  case,  the  planet 
therefore,  it  is  perpendicular  to  £  A,  for  would  appear  stationary ;  and  that  then 
a  A  is  so.  But  whenever  the  point  B  is  the  retrograde  may  exceed  the  direct 
on  the  same  side  of  theUne  £  D  that  A  motion,  or  the  whole  apparent  motion 
is,  or  whenever  the  angle  A  £  B  is  less  become  retrograde,  and  continue  so 
than  A  £  D,  that  is,  in  the  present  case,  until,  after  passing  through  inferior  con- 
less  than  a  right  angle,  the  apparent  junction,  the  direct  and  retrograde  mo- 
motion  of  B  is  direct,  though  it  varies  tions  again  become  equal,  or  the  |danet 
in  amount  according  to  its  distance  and  apparently  stationary,  before  arriving  at 
direction.  Now  if  we  suppose  B  to  re-  its  greatest  elongation;  and  then,  the 
present  a  planet,  A  £  B  is  the  elonga^  direct  motion  exceeding  the  retrograde, 
tion,  and  in  the  case  of  an  inferior  planet,  the  whole  apparent  motion  will  again 
the  elongation  is  never  so  great  as  90°.  become  direct  till  the  planet  arrivei  at 
If,  therefore,  an  inferior  planet  partake  its  greatest  elongation.  At  this  period 
of  the  sun*s  motion,  the  motion  which  the  retrograde  motion  first  disappears, 
it  thus  derives  will  appear  to  be  direct  and  then  is  converted  into  a  direct  one, 
in  every  position;  and  this  apparent  <and  of  course  the  whole  apparent  motion 
motion  is  to  be  combined  with  the  ap-  is  direct  until  the  same  course  of  ap- 
parent motion  resulting  from  the  planet*s  pearances  recommences ;  and  it  is  the 
motion  in  its  own  orbit,  before  we  can  course  which  we  have  already  seen  to 
ascertain  what  the  real  apparent  motion  obtain  in  nature, 
would  be.  We  see,  therefore,  that  the  apparent 
Now  the  apparent  motion  resulting  motions  of  the  inferior  planets  are  not 
from  the  planet's  motion  round  the  sun  inconsistent  with  the  supposition  of 
is  sometimes  direct,  sometimes  nothing,  their  moving  in  an  orbit  roimd  the  smk 
sometimes  retrograde.  In  the  first  case.  Their  phases  point  strongly  to  the  con- 
the  real  apparent  motion  will  be  the  sum  elusion  that  tney  do  so:  and  nothing 
of  two  direct  motions,  and  will  of  course  could  have  prevented  us  from  at  once 
be  direct ;  in  the  second,  it  will  be  the  adopting  that  conclusion  except  the 
direct  motion  occasioned  by  the  sun's  uncertaintv,  till  the  question  were  ex- 
motion  only ;  and  in  the  last,  it  will  be  amined,  whether  it  could  be  reconciled 
the  difference  between  the  direct  motion  with  their  apparent  motions, 
occasioned  by  the  sun's  motion  round  It  is,  however,  worth  while  to  examine 
the  earth,  and  the  retrograde  motion  somewhat  more  minutely  the  law  by 
occasioned  by  the  planet's  motion  round  which  these  apparent  motions  are  regu- 
the  sun,  and  will  therefore  be  direct  or  lated,  for  the  purpose  of  deducing  one 
retrograde  as  the  former  or  the  latter  of  or  two  results  accurately  corresponding 
these  two  quantities  is  the  greater.  The  vrith  observation ;  and  also  tor  the 
duvet  motion  might  be  so  great  as  to  ex-  sake  of  connecting  the  phenomena  we 
ceed,  in  ail  cases,  the  utmost  value  oi  ax«  al  igtceaKoX  ^^8fiNdMs&%^  with 
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others  to  which  we  shall  presently  ad- 
vert. 

For  this  purpose  we  must  afraia  refer 
to  ^.  29.  Tne  motion  of  the  planet 
occasioned  by  its  partaking  of  the  sun's 
motion,  bein^  equal  in  all  cases  to  that 
of  the  sun  itself,  is  always  the  same, 
and  may  be  represented  by  the  line  B  6. 
of  which  the  length  will  be  known  and 
constant,  and  the  apparent  motion  by 
the  angle  BEb,  Let  6  B  be  produced 
to  meet  AE  in  F:  B  F  will,  as  we  have 
seen  before,  be  perpendicular  to  A  E. 
Now,  B b  being  very  small,  BEb  must 
be  very  small  also,  and,  consequently, 
the  sine  of  B  £ 6  and  BEb  very  nearly 
equal:  and  also  BE  and  bE  very 
neaiiy   equaL     But  sin.  B  E  6  =  sin. 

6BE?4=  8inFBE|^  =  cos.FEB 
Eb  Elf 

^(a8FEB=  90^)  =  cos.EFB^ 

very  nearly. 

^     ,       «„i,        .  cos.  FEB, 

Therefore  B  E  d  vanes  as  — jr^ — 

or  directly  as  the  cosine  of  the  elon- 
gation, and  inversely  as  the  distance. 

N  ow,  when  the  elongat  ion  corresponds 
on  the  opposite  sides  of  E  C,  the  dis. 
tances  are  equal :  thus  in  fig,  28,  E  Y^ 
E  Yt ,  the  two  tansrents  are  e^ual,  and  so 
areE  vi ,  Et^ ,  EVi ,  EVt ,  if  the  angles 
S  E  Vi ,  S  E  Yt  are  so.  The  elongations, 
however,  although  equal,  are  measured 
in  opposite  directions,  and  therefore  if 
one  of  them  be  considered  as  positive, 
the  other  will  be  negative.  But  the 
cosine  of  an  arc  is  the  same,  whether 
the  arc  be  positive  or  negative:  the 
apparent  motion  BEb,  therefore,  which 
varies  directly  as  the  cosine  of  the  elon- 
gation, and  inversely  as  the  distance, 
win  be  the  same  at  equal  elongations  on 
each  side  of  £  A:  for  both  its  elements 
are  equal  in  those  cases.  The  direct 
motion,  therefore,  given  to  the  planet  by 
its  acoompanjring  the  sun  is  the  same 
on  each  side  of  the  sun. 

Again,  the  motion,  whether  direct  or 
retr^prade,  produced  by  the  planet*s 
motion  in  its  own  orbit  round  the  sun, 
it  aho  the  same  on  each  side  of  the 
son.  In  fig,  30  let  S  represent  the  sun, 
£  the  earth,  and  Y  W  part  of  the  orbit 
of  an  inferior  planet,  considered  as  cir« 
eular.  Let  S  E  be  joined,  and  let  Y  W 
be  two  points  in  the  orbit,  having  equal 
dongations  on  each  side  of  8  E.  As 
before,  therefbre,  YE,  WE,  the  dis- 
tanoesofthe  planet  from  the  earth  at 
the  two  positions  are  eqoMl,  and  so  alio 
U9  ^M^gk0SVS,SWS,  ibrthe 


triangles  E  Y  S,  E  W  S  are  equal  in  all 
respects.    Now,  let  V  »,  Wtr  represent 

Fig,  30. 
s 


the  portions  of  its  orbit  described  by  the 
planet  in  a  very  short  time ;  these  arcs 
will,  if  the  motion  is  uniform,  be  equaL 
Besides  this,  for  a  very  short  space,  the 
arc  will  coincide  with  the  tangent,  and 
may  be  considered  as  a  straight  line ; 
if  at  \V  a  tangent  W  Z  be  drawn  in  the 
opposite  direction  to  the  arc  W  t£',  W  u^ 
may  be  considered  as  a  continuation  of 
Z  W .  Treating  then  the  triangles  V  E  i?, 
W  E  t£',  as  rectilinear. 


sin.VEr  =  sin.  EVt; 

Yv  . 

^  very  nearly. 


Ev 


=  sin  E  Yi; 


sin.  VfEw  =s  sin.  EWu; 


Vfw 
Ew 


sin.  E  WZ  =^  very  nearly,  (sin.  E  W  Z 

= sin.  £  W  U7)  and  sin.  YE  V = sin  WE  u; : 
for  Yt;=Ww,  EV  =  EW:  and  EVv 
=  EYS  -  SVt;=EW8-SWZ  = 
EWZ.  The  angles  YEi?,  WEw, 
or  the  apparent  motions,  depending  upon 
the  motion  of  the  planet  round  the  sun, 
are  therefore  themselves  equal  in  cor- 
responding positions  on  different  sides 
of  the  sun. 

It  is  evident,  therefore,  that  the  whole 
apparent  motions  of  the  planet  must 
correspond  on  each  side  of  the  sun :  for 
these  are  always  the  sum,  or  the  diffe- 
rence of  the  apparent  motions  derived 
from  the  planet's  motion  round  the  sun, 
and  from  the  sun*s  motion  round  the 
earth :  and  as  each  of  these  is  the  same 
at  equal  elongations  each  way,  their  sum 
or  difference,  or  the  whole  apparent  mo- 
tion, must  be  equal.  We  should  there- 
fore find  the  retrograde  motion,  before 
and  after  inferior  conjunction^eK^aai*.  >Xa 
stationary  points  al  ihesam^  <AoTV!igdiciOTi% 
the  rate  of  motioTi  «X  «q>aiii  ^AaVtsMUsa 
always  equal— and  to  tr«i«n^B>^^*^  ^' 
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In  these  dedud ions,  howevei",  we  have  Anotlier  inai4ted  diffei^ee  consists  in 

supposed  the  orbits  circular,  and  the  this:  that,  whereas  the  inferior  planets 

motion  uniform :  if  either  of  these  sup-  are  never  seen  beyond  a  certain  distance 

positions  be  inaccurate,  our  results  will  from  the  sun,    and  occasionally  pass 

not  accurately  apply.    With  respect  to  between  the  sun  and  the  earth,  these 

the  sun,  we  know  them  to  l)e  inaccurate,  planets  are  seen  at  all  distances  from 

for    his  orbit   is  an  ellipse,  and    his  the  sun,   and  never  pass  between  the 

motion    unequal,    dependins:    on    the  sun  and  eartK    They  are,  indeed,  seen 

variation  in  his  distance.    Still,  as  the  on  the  line  joining  the  sun  and  the 

ellipse  in  which  he    moves  docs  not  earth  ;  but  it  is  on  the  side  opposite  fo 

diiter  much  from  a  circle,  and  as  the  the  sun,  or  at  the  distance  of  ISC'*  firom 

inequality  of  his  motion  is  small,  our  him.     At  this  time  they  are  s&id  to  l)e 

conclusions,  deduced  on  the  erroneous  in  oppontinn.    Their  motions  may  also 

suppositions  we  have  adopted,  will  differ  be  ascertained,  so  as  to  enable  us  to 

but  little  from  the  truth ;  and  will  sufii-  compute  that  they  are,  at  given  times, 

ciently  explain  the  manner  in  which  his  in  the  line  joining  the  earth  and  sun,  on 

motion  will  affect  the  apparent  motion  the  same  side  as  the  sun,  or  in  cortfunc- 

of  a  planet  revolvinj;:  round  him,  though  Hon :  but  their  distances  from  the  earth 

they  will  no  longer  be  accurately  correct  are  then  greater  thati  the  sun's  distance^ 

as  a  representation  of  the  amount  to  or  they  are  beyond  him,  just  as  the  in- 

wliich  it  does  so.    In  the  same  way,  if  ferior  planets  are  when  in  superior  con- 

we  were  to  suppose  the  orbit  of  the  junction.    The  points  of  opposiiion^  in 

planet  some  curve,  differing  not  very  the  case  of  a  superior  planet,   and  of 

considerably  from  a  circle,  the  general  inferior  conjunction  in  an  inferior  one, 

effect  of  this  motion  in  such  an  orbit  are  in  the  same  line  with  these,  but  cm 

would  be  sufficiently  represented  by  the  the  opposite  side  of  the  sun  :  the  points, 

conclusions  we  have  already  deduced ;  therefore,  of  superior  conjunction  in  the 

though  many  particulars  would  cease  to  one  case,  and  ofconjonction  in  the  other ; 

be  accurately  correct.    For  instance,  and  those  of  inferior  conjunction  in  the 

the  point  of  greatest  elongation  might  one  case,  and  of  opposition  in  the  other, 

not  accurately  correspond  to  that  when  seem  to  have  a  certain  degree  of  corre- 

exactly  half  the  disk  of  the  planet  was  spondence. 

visible ;  for  the  line  drawn  from  the  sun  They  correspond  also  in  another  re- 
to  that  point  might  not  be  exactly  per-  markable  respect.  The  superior  planets, 
ptndicular  to  the  tangent  then:  the  as  well  as  the  inferior,  appear  sometime^ 
apparent  motions  at  equal  opposite  to  have  a  direct,  sometimes  a  retrograde 
elongations  might  not  be  exactly  equal;  motion;  and  they  also,  like  the  others; 
for  neither  the  distances,  the  amount  of  are  stationary  for  an  intervsd  between 
the  actual  motions,  nor  their  direction,  the  two.  In  the  case  of  the  superior 
might  accurately  correspond.  Still  they  planets,  the  conjunction  takes  place 
would  not  differ  much,  and  the  par-  during  the  period  of  direct  motion,  as 
ticular  conclusions  we  have  come  to  we  have  already  seen  that  the  superior 
would  not  be  far  from  the  truth  :  and  conjunction  of  an  inferior  planet  does ; 
the  general  principles  by  which  direct  and  the  opposition  takes  place  during 
and  retrogracte  motion,  and  the  exist-  the  period  of  retrograde  motion,  as  we 
ence  and  situation  of  the  stationary  have  already  seen  that  the  iw/(?rior  con- 
points  are  accounted  for,  would  evi-  junction  of  an  inferior  planet  does, 
dently  remain  unaffected.  Besides  this,  we  find  the  apparent  dia- 

Section   III. -On  t/w  Phages    and  "^^^J^ l^^L^^^^ 

aj^.arent  Motions    of  the  Superior  Position  and  contmuallvdimmishing  as 

Planets                                   ^  they  approach  conjunction,  when  they 

are  least :  another  circumstance  of  the 

Thf.  phases    of  the    superior    planets  same  kind  of  correspondence, 

present  but  little  that    is  observable.  Taking  the  whole  course  of  a  superior 

Mars,  indeed,  is  occasionally  very  per-  planet  from  one  opposition  to  another, 

ceptibly  gibbous ;   but  even  he  never  we  find  its  apparent  motion  at  first  re- 

assumcs  thea|)peai-ancc  of  a  semicircle,  trograde,  then  at  a  certain  elongation 

or  of  a  crescent :  and  the  other  superior  the" planet  becomes  stationary,  then  its 

planets  are  hardly  seen  to  present  less  motion  is  direct,  and  continues  so  while 

than  their  full  face  to  an  observer  at  the  it  passes  thiough  coniunction,  and  tiH 

earth.    This  constitutes  a  marked  dif-  it  arrives  at  very  nearly  the  same  elon- 

ference  between  their  appearances  and  eation  on  iVi^  o\i«T  side  of  the  tun  as  it 

tho9e  of  the  m ferior  planets.  t^efofct  Yi«d  ^  \v«  tiX^Xwcs^r^  y&tX\  i^drol 
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it  again  becomes  sfdfionary,  and  then 
its  motion  asrain  becomes  retro^ade, 
till  it  is  again  in  opposition.  These  ap- 
pearances, as  far  as  they  go,  exactly 
correspond  with  those  of  an  inferior 
planet,  substituting  only  the  word^ 
conjunction  for  superior  conjunction, 
and  opposition  for  inferior  conjunction'. 
They  are  not",  however,  all  the  appear- 
ances of  an  inferior  planet,  for  the 
remarkable  circumstances  of  the  poiilts 
of  greatest  elongation,  and  of  the  re- 
currence of  all  the  phases  ethibited  by 
the  moon,  are  wanting. 

The  want  of  these  makes  it  less  easy, 
than  in  the  case  of  ;an  inferioi*  planet, 
to  divine  the  law  of  their  motions ;  and, 
as  these  planets  are  seen  at  all  angulai' 
distances  from  the  sun,  there  is  not  the 
same  obvious  reason  as  before  to  con- 
iccture  that  their  motions  depend  upon 
his.  Still  there  is  a  gei^eral  similarity 
in  the  two  sets  of  appearances,  which 
makes  it  natural  that  we  should  inquire 
whether  they  cannot  be  explained  in  the 
same  manner. 

For  this  purpose,  let  us  again  take 
the  case  of  a  planet  supposed  to  move 
in  a  circular  orbit  round  the  sun ;  and 
as  before,  let  us  omit  for  the  present, 
for  the  sake  of  simplicity,  all  considera- 
tion of  the  sun's  motion.  The  earth, 
being  between  the  sun  and  the  planet 
when  the  latter  is  in  opposition,  must 
then  be  at  a  point  within  the  orbit  of 
the  plartet  Let,  then,  in  Jig.  31,  the 
circle  represent  the  orbit  of  the  planet ; 
S,  its  centre,  the  sun,  and  £,  the  earth ; 


and  draw  the  diameter  C  S  E  O  through 
E ;  C,  therefore,  will  evidently  be  the 
point  of  conjunction,  and  D  the  point 
of  opposition. 

Now  £  O  is  the  shortest,  and  E  C  the 
lontfett  Ime  which  can  be  drawn  from  E 
to  the  cnrcnrnffereoea  of  tha  circle;  aad 
all  other  Ud^mmo  dnwn  are  eoBtinuaJly 


greater  as  they  recede  from  EO  and 
approach  EC,  and  then  again  conti- 
nually less  as  they  recede  from  E  C  on 
the  other  side,  and  approach  £  0.  The 
distai^ce,  therefore,  of  the  planet  from 
the  earth  is  least  in  opposition,  and  con- 
tinually increases  thence  till  the  planet  is 
ih  conjunction,  when  it  is  greatest ;  and 
the  apiparent  diameter  is  of  course 
greatest  in  opposition,  and  continually 
less  thence  till  the  planet  is  in  conjunc- 
tion, when  it  is  least.  Again,  if  Mm 
be  points  on  opposite  sides  of  E  C,  at 
equal  distances  from  C,  E  IVf ,  E  m,  are 
equal;  and  of  course  the  apparent  dia- 
meter at  M  and  m  are  so  also.  The 
same  course  of  phenomena,  therefore, 
succeed  each  other  in  a  reverse  order, 
at  corresponding  distances  on  the  other 
side  of  C,  and  the  apparent  diameter 
continually  decreases  from  opposition  to 
conjunction.  The  phenomena,  there- 
fore, as  in  the  case  of  inferior  planets, 
correspond  on  this  supposition  with  ob- 
servation. 

Supposing  the  planet  itself  to  be  sphe- 
rical, the  portion  of  the  disk  visible  would 
vary  (p.  76)  as  the  versed  sine  of  the 
exterior  angle  of  elongation.  At  the 
points  O  and  C,  this  angle  is  evidently 
180^  or  its  versed  sine  is  the  whole  dia- 
meter, and  the  full  enlightened  face  of 
the  planet  would  be  turned  towards  the 
earth.  At  any  intermediate  point  M, 
this  will  not  be  so :  the  sun  and  earth 
not  being  in  the  same  line  from  the 
planet  would  have  different  parts  of 
its  surface  turned  towards  them;  and 
phases  would  be  occasioned.  The 
amount  of  these  variations'  depends  on 
the  extent  by  which  the  angle  8MY 
differs  from  180^  or  it  depends  on  the 
magnitude  of  the  angle  EMS  (the  angle 
subtended  at  the  planet  by  the  distance 
between  the  sun  and  earth,  or  the  earth's 
elongation  at  the  planet),  for  E  M  S  and 
S  M  Y  together  make  up  1 80°. 

Now  ifwe  draw  the  lines  C  M,  M  0, 
the  angle  CMC,  whenever  the  point  M 
is  taken  between  C  and  O,  is  the  angle 
in  a  semicircle,  and  therefore  a  right 
angle.  And  it  will  obviously,  in  all 
cases,  be  composed  of  three  parts, 
CMS,  SME,  EMO;  and,  conse- 
quently, EMS,  being  one  of  these  parts, 
will  be  less  than  a  right  angle.  S  M  Y, 
therefore,  will  be  in  all  cases  greater 
than  90°,  and  the  planet,  though  it  may 
become  gibbous,  can  never  have  half  its 
face  bkldeD,  or  become  a  cre«e«Yv\.. 

Aga'm,  s'm.  8 ME  *  Ati, Bli^ -^^ 
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and  as  E  S,  8  M  are  constant  quantities*       .    ., . '         8  ^  «  i    «-    o    whieh 
the  8ine;of  S ME.  and  consequently        ^"t^««"«SM"?   ^  •*' 

S  M  E  itself,  is  greatest  when  fin.  S  E  M  therefore  is  the  greatest  possible  value 

IS  greatest,  or  when  S E M  is  a  right  ^j gj^^  ^^^  ^ut  cos.  S M E  = 
angle,  or  the  planet  tit  quadratures^  as 


it  is  termed.    The  angle  S  M  Y,  there-  V^-sin.'SME  =  yi-/04=  ,/^ 

fore,  is  then  least :  and,  consequently  =  •  9798  nearly,  and  versin.  S  M  Y  = 

the  visible  part  then  differs  most  from  a  1.  +cos.  S  M  E  =  1 .9798  nearly, aquan- 

circle.    And  this,  in  observations  of  the  tity  differing  from  the  diameter  by  wy 

planet  Mars,  on  which  alone  they  can  Httle  more  than  a  hundredth  part.    The 

be  effectually  made  for  this  purpose,  is  whole  variation,  therefore,  of  the  ptwies 

found  to  be  the  case.  ^^  Jupiter  would  only  l)e  about  a  hnn- 

The  sine  of  the  angle  S  M  E  at  this  dredth  part,  and  he  would,  to  all  com- 

on  mon  observation,  appear  round  at  au 

time  =  ^-jtt;  or  it  varies  inversely  as  times.    The  same  remark  would  apply 

8  M                                     , ..  yet  more  strongly  to  planets  still  more 

8  M,  the  radius  of  the  planet  s  orbit,  distant  from  the  sun,  which  we  shall 

The  greatc;r.  therefore,  this  radius,  the  f^^^  to  be  the  case  of  Saturn  and  Uranus, 

less  is  the  extreme  value  of  S  M  E,  and  yf^  g^^  therefore,  that  if  the  distances 

the  less,  consequently,  the  utmost  dif-  ^f  the  superior  planets  are  sufficient, 

ference  of  the  observed  disk  from  the  their  want  of  phases  corresponds  with 


planets;  and,  consequently,  that  their  planets  does, 
appearance  with  faces  almost  uniformly        it  remains  to  see  whether  the  same 

full,  is  the  result  which  wouM  follow  supposition  will  account  for  their  direct 

from  their  revolvim?  round  the  sun  at  j^^j  retrograde  apparent  motions.    It  is 

distances  far  exceeding  that  of  the  sun  pi^jn  that  the  whole  motion  produced  hf 

from  the  earth.  the  revolution  of  the  planet  round  the 

It  may  be  worth  while  to  compute  one  g^n^  supposing  the  sun  to  be  at  rest, 

or  two  numerical  values  to  see  how  far  would  be  direct:  for  if,  in  fy;,  31,  the 

this    operates;    versin.  SMY  =  1  +  course  ofthe  planet's  motion  be  OMCw, 

COS.  S  M  E.  ^.  it  is  evident  that  the  angle  O  E  M  will 

Let  us  suppose  S  M  E  =  45o ;  in  this  continually  increase  as  the  planet  moves 

««-«  A«-  Q  TiT  w  J     ^      _   711-71    Crn  from  O  towErds  M  and  C,  and  that  the 

casecos.SME  =  —  =  .70  71,  &c.,  n,otion  round  the  sun,which  is  measured 

and  the  versin.  SMY  =  1.70  71   &c  ^y  the  angle  GSM,  being  direct,  the 

3  apparent  motion  round  the  earth,  which 

at  its  least  value,  or  less  than  rr  of  the  is  measured  by  the  angle  OEM,  will  be 

, . , ,        ,       ^u      1      » •  direct  also,  that  angle  being  measured 

diameter  are  hidden  when  the  plane  is  j,^  ^^^  ^^^  direction.    The  rate  of  this 

most  gibbous.    This,  therefore,  is  the  apparent  direct  motion  will  be  different 

extreme  value  when  4n  =   "7=.   or  at^different  places ;  being  greatest  at  0 

s  M.       ^2  where  the  distance  is  least,  and  conti- 

SE  :  SM  ::  1  :  1.4142.     In  the  case  nually  diminishingthence  to  C  where  the 

of  Mars,  the  nearest  of  the  superior  pla-  distance  is  greatest,  and  then  increasing 

nets,  S  M  exceeds  S  E  in  a  greater  pro-  by  corresponding  degrees  from  ^C  to  O, 

portion  than  this,  and  the  gibbousness  being  always  equal  at   corresponding 

will,  therefore,  even  in  this  case,  be  less  points  on  opposite  sides,  the  distances 

than  that  which  we  have  deduced.    In  and  the  angle  made  by  the  direction  of 

fact,  in  that  instance,  the  greatest  value  the   motion  with  the  line  joining  the 

ofversin.  SMY  is  about  1.75,  or  seven-  earth  and  planet  being  equal  in  those 

eighths  of  the  diameter.    Again,  let  us  cases.    This  motion,  then,  being  always 

take  the  case  of  a  planet  revolving  round  direct,  seems  to  furnish  no  explanation 

the  sun,  at  a  distance  five  times  as  of  the  phenomena  in  question, 
great  as  the  sun's  distance   from  the       In  the  case,  however,  of  the  inferior 

earth.    The  distance  of  Jupiter  from  the  planets,  it  was  only  by  combining  the 

sun  is  rather  more  than  this,  and  conse-  motions  produced  by  the  revolution  of 

quently  his  phases  would  be  rather  less  the  sun    itself  round  the  earth,   with 

considerable  than  those  which  will  be  those  produced  by  the  revolution  of  the 

deduced  on  this  supposition.   ^  planet  round  the  8UD»  that  we  arrived  al 
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a  correct  explanation  of  the  phenomenon  any  stationary  points,  or  any  retrograde 
of  the  apparent  motion.  We  proceed,  motion,  will  depend,  as  in  the  former 
therefore,  to  combine  these  motions  now;  case,  on  the  relative  amounts  of  the  ab- 
and  in  doing  so,  we  observe,  that  it  ap-  solute  motions  of  the  planet  round  the 
peared  in  p.  1 07  that  the  apparent  motion  sun,  and  of  the  sun  round  the  earth,  and 
produced  by  the  motion  of  the  sun  round  also  on  the  relation  of  their  respective 
the  earth  would  be  direct,  as  long  as  a  distances :  but  it  is  obvious  that,  in  this 
planet  was  on  the  same  side  of  the  earth  case  also,  these  may  be  such  as  to  ac- 
mt  the  sun  was,  or  as  long  as  its  donga-  count  correctly  for  the  apparent  motions 
tion  did  not  exceed  90°,  but  would  be-  of  the  planets.  The  phenomena  of 
come  retrograde  as  soon  as  ever  it  ex-  their  phases  and  apparent  magnitudes 
eeeded  this  quantity.  In  the  case  of  an  we  have  already  seen  to  correspond  with 
infenor  planet  it  never  does  so ;  in  the  the  supposition  of  their  motion  round 
case  of  a  superior  planet  it  does.  As  the  sun.  We  see  therefore,  that  all  the 
soon,  therefore,  as  tnis  takes  place,  or  appearances  of  the  planets,  whether 
whenever  the  planet  is  between  its  qua-  superior  or  inferior,  may  be  thus  occa- 
drature  and  its  opposition,  the  apparent  sioned ;  and  we  proceed  to  inquire  more 
motion  resulting  from  the  sun*s  motion  minutely  whether  they  are  so. 
in  its  orbit  becomes  retrograde,  and  is  Before  entering,  however,  on  that  in- 
opposed  to  that  arising  from  the  planet^s  quiry,  it  is  necessaiy  to  observe,  that  the 
motion  round  the  sun.  When  this  Ve-  same  degree  of  inaccuracy,  and  no  more, 
trograde  motion  is  equal  to  the  direct  will  be  introduced  into  the  results  de- 
motion, the  planet  will  be  stationary,  duced  from  superior  planets,  which  we 
when  it  exceeds  it,  the  whole  motion  have  already  observed  to  exist  in  those 
will  be  retrograde.  obtained  with  respect  to  inferior  ones,  if 

Now,  as  the  amount  of  the  apparent  re-  their  supposed  orbits  be  not  accurately 
trograde  motion  (p.  Ill)  is  equal  at  cor-  circular,  but  diifer  little  from  circles, 
responding  positions  on  each  side  of  the  The  general  explanation  will  still  be  ap- 
point of  opposition*  ;  the  same  appear-  plicable.  but  the  motions  on  each  side  of 
ances  of  retrograde  motion  must,  there-  the  point  of  opposition  will  not  be  pre- 
fore,  succeed  each  other  in  a  reverse  cisely  similar. 

order,  in  the  passing  from  opposition  to  There  is  another  remark  also,  which 
quadrature,  which  had  taken  place  in  it  may  be  worth  while  to  subjoin.  The 
passing  from  the  former  quadrature  to  whole  apparent  motion  is  combined  of 
opposition.  We  have  already  seen  that  those  produced  by  the  revolution  of  the 
the  direct  motion  produced  by  the  planets  planet  round  the  sun,  and  that  of  the  sun 
revolution  round  the  sun  is  also  equal,  round  the  earth.  Of  these,  one  is  always 
in  corresponding  situations,  on  both  sides  direct,  and  one  is  alternately  direct  and 
of  the  point  of  opposition.  The  whole  retrograde ;  but  it  is  remarkable  that 
apparent  motion,  therefore,  which  will  they  change  their  characters  as  the  pla- 
always  be  the  sum  or  difference  of  the  net  is  an  inferior  or  a  superior  one ;  the 
apparent  motions  derived  from  these  two  motion  of  the  planet  round  the  sun  pro- 
causes,  will  be  equal  in  corresponding  ducing  an  apparent  motion  alternately 
positions,  whether  it  be  direct  or  retro-  direct  and  retrograde  in  the  case  of  an 
grade ;  and  the  stationary  points  in  the  inferior  planet,  but  always  direct  in  that 
tame  manner,  if  there  be  any,  will  be  of  a  superior  planet ;  and  the  motion  of 
between  quadratures  and  opposition,  and  the  sun  round  the  earth  producing  an 
will  be  at  equal  distances  from  the  point  apparent  motion,  always  direct  in  the 
of  opposition.    Whether  there  will  be  case  of  an  inferior,  but  alternately  direct 

•  rt.  amount  of  the  retrograde  motion  at  any  "^  retrograde  in  the  casc  of  a  Superior 

Mrtlcular  point  Taries,  as  we  haTe  already  seen,     planet. 

directly  a«  the  cosine  of  the  elongation,  and  in-  Xhe  whole  apparent  motiou  IS  rctro- 

Tcraelyaathedietance  (a  fact  which  would  by  iUelf     -->^j^    ^^i^  «ifin   thp   rPtrnoTAdp   nurf 

itavcraficientiy  furniahed  n«  with  the  proof  that    gwa«»  oniy  wnen  me  reirograoe  pan 

II  become*  retrograde  when   the  elongaUon   ii  ezoeeds  the  direct  part  01  the   motion. 
STMtcr  Uian  90°,  for  then  the  cosine  of  the  elon-  j^  ^jj^  ^^^  ^f  ^  inferior  planet  the  re- 
lation becomes  negative.)    It  therefore  continu.  •*  •"«  *'««-^    •                         r 
lUy  increases  from  quadratures  to  opposition,  for  trOgrade  motlOU  being  then  prodUCCd  by 
tiM  cosine  of  elongation  is  conUnually    greater  \\^  motiou  of  the  planet  roimd  the  SUn, 

SS5.rfi»rZ.«-*Jh.T«;dV2pV'«'^^^  thi.  mu.t  be  such  that  its  effect  to  a 

yoiot  of  opposition.  At  equal  disunces  on  esch  spectator  at  the  earth  IS  greater  than 

HS^  irV^-T-'b^SSSriAt  ItSSXn  ^  ?f  the  »un-s  motion  round  the  earth. 

rTw.!  («br.«. (180° -A) -««.«(»»+ A))  On  the  other  hand,  m  the  case  of  a 

•d  tt«Miuadi.tiaM.ir.«|ii>i«JM.    '  superior  planet,  the  retrogm^  motioa 
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being  produced  bv  the  motimi  of  the  nin  tion  of  the  appamt  placet  of  8  and  M» 

round  the  earth,  the  motion  of  the  planet  and  the  proportion  of  the  aides  S  S» 

round  the  sun  must  be  such  tliat  its  £  M.  from  the  proportion  of  their  rt- 

etfect  to  a  spectator  at  the  earth  may  be  spective  parallaxes.     Now  in  every  tri- 

less  than  that  of  the  sun's  motion.  an|(le,  when  three  elements,  one  at  least 

We  shall  hereafter  see  tliat  these  van*  bemg  a  side  of  the  triangle,  are  known, 

oos  differences  in  the  effects  produced  by  the  rest  may  l3e  computed.    We  have, 

the  application  of  one  principle  under  therefore,  the  means  of  computinit  the 

different  circumstances,  correspond  ac-  value  of  the  side  8  M,  in  terms  of  tha 

curately  with  a  very  simple  and  most  side  S  E,and  also  the  value  of  thcande 

important  law.  £  8  M.    We  know  the  position  of  tna 

line  £  S,  or  the  apparent  direction  of  tha 

Planett  generaUy.  ^^  ,^  apparent  direction  of  the  e«rth  u 

Tbb  most  important  elements  to  be  in-  seen  from  the  sun,  and  knowing,  alaob 

vestifj^ated  with  respect  to  the  supposed  the  value  of  the  angle  £  8  M,  and  the 

orbits  of  the  planets  round  the  sun,  are  plane  in  which  it  is  measured  (for  this 

their  fiirure,  their  magnitude,  and  the  is  the  plane  passing  through  K  S  and 

time  which  the  planet  takes  in  describ-  M),  we  know  the  exact  direction  of  the 

ing  them,  or,  as  it  is  termed,  the  periodic  point  M  as  seen  from  S.    We  know, 

time  of  the  planet.    As  our  obierva-  therefore,  the  position  and  distance  of 

tions  are  only  made  at  the  earth,  it  is  the  point  M  with  respect  to  8 ;  or  we 

evident  that  there  must  be  considerable  ascertain  one  point  in  the  orbit  of  the 

difficulty  in  deducini;  from  them  all  these  planet. 

elements,  referred  as  they  are  to  another       8ome  additional  correctness  may  be 

point,  situated  at  a  vast  distance,  and  g^ven  to  these  olMervations  by  a  very 

Itself  in  continual  motion.    It  would  be  simple  consideration,  which  will   also 

foreign  to  the  purposes  of  this  treatise  enable  us  to  dispense  in  some  cases  with 

to  enter  into  the  details  of  the  necessary  the  observation  of  the  paralluc  of  the 

investigations ;  but    it  will    be  worth  planet  at  alL    The  parallax  varies  in- 

while  to  point  out  the  possibility  of  con-  versely  as  the  distances  of  the  boij ; 

ducting  them,  before  we  state  the  results  and  so,  for  the  same  body,  does  the  ap- 

to  which  thev  lead.  parent  diameter.    The  parallax,  tbvr^ 

We  can  determine  the  apparent  po-  fore,  varies  as  the  apparent  diameter ; 

sition  of  a  planet  at  any  instant  by  ob-  and  if  several  observations  of  the  planet 

servations  of  its   right  ascension  and  in  different  positions  be  made,  and  the 

declination ;    and   knowing  the   sun's  apparent  diameter  and  parallax  asoer- 

motion,  we  know  the  sun*s  position  at  tained  in  each,  the  relation  of  the  pand- 

the  same  time,  although  he  may  be  be-  lax  to  the  apparent  diameter  (which  will 

low  the  horizon,  and  consequently  not  be  the  same  as  the  ratio  of  the  real 

the  subject  of  immediate  observation  ;  diameters  of  the  earth  and  planet)  will 

and  consequently  the  angle  between  the  be  ascertained  by  a  comparison  of  these 

apparent  positions  of  the  sun  and  planet  observations.    One  observation*  if  its 

at  the  time,  or  the  angle  made  by  the  accuracy  could  be  relied  upon,  woidd 

line  joining  the  earth  with  each  of  them,  be  sufficient  for  this  purpose:  but  the 

may  be   ascertained.     The   distances,  mean  result  of  several  is  notukcly  to 

also,  of  the  sun  and  of  the  planet  from  differ  much  from  the  truth,  and  its  cor- 

the  earth  at  that  time,  may  be  asoer-  rectness  will  faNe  the  more  to  be  rdied 

tained  by  observation  of  their   paral-  upon  in  proportion  as  the  individual  ob- 

laxes  ;  though  a  minute  error  in  these  servations  more  nearly  approach  to  each 

observations  is  of  so  much  importance  other. 

that  any  estimate,  so  obtained,  is  liable  When  this  relation  is  once  a■ec^ 
to  considerable  inaccuracy.  It  may,  tained,  we  need  not  trouble  ouraalveB 
however,  be  used  as  furnishing  at  least  further  with  the  difficult  and  compli- 
an  approximate  value ;  and  the  propor-  eated  observations  necessary  to  ascer- 
tion  which  these  distances  bear  to  each  tain  the  parallax.  This  element  maybe 
other  will  be  thus,  to  a  certain  degree,  at  once  deduced  fromtlie  apparent  mac- 
ascertained.  If,  therefore,  in  Jig,  31,  nit ude,  which  may  be  more  easily  oS> 
E  represents  the  earth.  S  the  sun,  and  served,  both  because  it  is  ascertained  by 
M  the  planet,  as  before,  the  angle  a  single  observation  instead  of  requiring 
8  fi  M  may  be  deduced  firom  observa«    the  comparison  of  observations  madcS 
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different  times  or  places,  and  because  auently  a  point  in  the  intersection  of 

in  the  planets  whose  parallax  is  smallest  that  plane  with  the  ecliptic,  or  in  the 

and  most  difficult  of  observation,  the  line  joining  the  nodes ;  and  the  planet 

apparent  ma^itude  frreatly  exceeds  the  passing  round  the  sun,  the  nodes  must 

parallax  and  its  variations  of  course  are  be  on  opposite  sides  of  that  body,  and 

greater  also.  must,  tnerefore,  with  reference  to  that 

Considerations  arising:  in  a  more  ad-  body,  be   1 80°  from  each  other.     If, 

Tmnoed  state  of  our  knowledge,  furnish  therefore,  the   motion   of  the   planet 

BBUch  more  accurate  and  ready  methods  round  the  sun  were  accurately  circular 

of  ascertaining  the  elements  in  ques-  and  uniform,    exactly  half  the   orbit 

tion  ;  but  for  the  present  it  is  sufficient  would  be  between  each  node,  and  the 

to  have    explained   the  possibility  of  time   which    intervenes    between   the 

ascertaining  them ;  and  that  sufficiently  planets  appearance  in  each  would  be 

appears  from  the  method  above  pointed  ecjual.     If  it  is  not  so,  the  supposition 

out.  either  of  circular,  or  of  uniform,  motion 

The  same  method  may  obviously  be  must  be  incorrect,  or  both  may  be  so. 

applied  to   the  ascertainment  of  any  If,  however,  the  nodes  themselves  are 

number  of  points  in  the  orbit  of  the  fixed  points,    the   whole    time  of  the 

planet ;  and  consequently  to  the  deter-  planet*s  passing  from  one  node  till  it 

mination  of  the  tigure  and  magnitude  returns  to  the  same  again,  will  be  the 

of  that  orbit  itself^  Among  the  different  whole  periodic  time  of  the  planet,  with 

rMults  of  such  an  investigation,   we  whatever  inequality  that  time  is  divided 

should  at  length  discover  one  which  at  the  other  node;  and  if,  therefore, 

would  correspond  in  every  particular  to  this  whole  time  can  be  ascertained,  the 

some  former  one ;  that  is  to  say,  we  periodic  time  is  found  also,  if  the  node 

should  find  the  planet  again  in  the  same  is  a  fixed  point, 
position  with  respect  to  the  sun  in  which        Now  both  the    time  at  which  the 

we  had  ascertained  it  to  be  at  the  period  planet  is  in  the  node,  and  the  position  of 

of  some  previous  observation.    The  in-  the  node  itself,  are  very  easily  ascer- 

terval  between  these  two  observations  tained.    The  latitude  and  longitude  of 

would,  therefore,  be  the  periodic  time  any  body  in  the  heavens  may  be  de- 

of  the  planet ;  and  we  thus  see  that  we  duced  from  observation ;  the  latitude  of 

have  the  means  of  ascertaining  all  the  the  node,  which  is  a  point  in  the  plane 

dements  in  question,  although  subject  of  the  ecliptic,  is  nothing.    To  find  its 

to  considerable  inaccuracy  from  the  un-  ][)osition,  therefore,  let  us  suppose  ob- 

ivoidable  imperfections  of  observation,  servations  of  the  planet  made  on  the 

The  periodic  time,  however,  is  an  meridian  on  two  successive  days,  on  one 

element  of  the  utmost  importance,  and  of  which  it  is  north,  and  on  the  other 

there  are  other  methods  by  which  it  may  south,  of  the  ecliptic    Its  positions  at 

be  found  with  so  much  more  accuracy,  this  time  being  ascertained,  the  arc  of 

and  so  much  more  ease,  that  it  is  worth  its  orbit  is  ascertained  also,  and  conse- 

while  to  indicate  some  of  them,  parti-  quently  the  point  at  which  it  enters  the 

oularly  as  some  of  their  circumstances  ecliptic,  or  the  position  of  the  node ; 

correspond  to  other  important  results.  and  as  the  motion  of  the  planet  during 

We  have    already  stated    tliat   the  a  single  day  may  be  considered  as  uni- 

planets  are  found  at  various  distances  form,    (for    observation    conclusively 

north  and  south  of  the  ecliptic.    Their  proves  that  its  variation  during  that 

motions,  therefore,  are  not  in  the  plane  time  must  be  very  inconsiderable,)  the 

of   the  ecliptic,  for  if  they  were,  the  exact  time  of  its  being  in  the  node  will 

oarth  being  itself  in  that  plane,  they  be  found  also :  for  the  interval  between 

would  dways  be  seen  somewhere  in  its  that  time  and  the  time  of  the  first  ob- 

intersection   with   the   sphere   of  the  servation  will  bear  the  same  proportion 

hoavens,  or  in  the   celestial   ecliptic  to  the  whole  interval  between  the  two 

Baeh  planet,  however,  is  found  alter-  obacrvations  that  the  distance  of  the 

iiatelv  above  and  below,  or  north  and  node  from  the  planet's  place  at  the  time 

south,  of  the  ecliptic.    Its  orbit,  there-  of  the    first  observation  bears  to  the 

§9n»  intersects  that  plane,  and  must  whole  arc  described  by  the  planet  in  its 

have  nodes,  according  to  the  explana-  orbit  in  the  interval  between  the  two 

tion  already  given  of  that  term.    Again  observations. 

it  if  found  by  the  observations  which       The  period,  therefore,  of  the  planet*s 

wa  have  made  that  the  sun  is  in  the  being  in  the  node,  and  the  position  of 

of  the  pkuMt*!  orbit,  and  conse«  them)de,  may  be  aseertain^l*  T^  laana 
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observations  may  be  repeated  when  it  it  barrassed  by  oontiderable  labour  of 
near  the  opposite  node ;  and  the  exact  computation,  but  merely  illustrate  the 
time  of  its  being  there  ascertained  also ;  principle  by  ea^  numbers  chosen  for 
and  again  when  it  returns  to  the  node  that  purpose.  Let  us  suppose*  then, 
at  which  we  first  observed  it  It  is  that  by  some  of  the  former  methods  we 
found  that  the  position  of  this  node  has  liAd  ascertained  the  periodic  time  of  a 
undergone  little  or  no  alteration;  the  planet  to  be  somewhere  about  3600  days; 
period  which  has  elapsed,  therefore,  is  its  mean  motion,  therefore,  in  its  orbit 
the  periodic  time.  It  is  also  found,  in  would  be  1°  in  10  days.  Let  us.  also, 
most  instances,  that  this  time  is  not  suppose  that  we  haa  observations  of 
equally  divided  by  the  instant  at  which  different  oppositions  made  at  an  inter- 
the  planet  was  in  the  opposite  node ;  val  of  720150  days  from  each  other, 
the  supposition,  therefore,  of  uniform  and  that  the  second  oppontioa  was  at 
motion  in  a  circle  round  the  sun  is  in-  such  a  point  of  the  heavens  that  the 
accurate.  planet,  at  the  time  of  this  second  oppo- 

The  method  above  explained  is  a  very    sit  ion,  would  have  5°  of  its  orbit  to  de- 
easy  one  of  obtaining  the  length  of  a    scribe  before  it  was  exactly  in  the  same 

S articular  revolution.  It  may,  however,  position  with  respect  to  the  sun  that  it 
appen,  and  it  will  be  found  to  be  the  occupied  at  the  time  of  the  first  oppo- 
case,  that  this  period  is  not  always  the  sition.  Our  former  observations  euime 
same,  though  its  variations  are  not  con-  us  to  say  that  it  would  be  about  fifty 
siderable.  If,  however,  we  have  the  days  describing  these  5°;  and  eoose- 
means  of  ascertaining  the  length  of  quently  the  whole  period  from  the  first 
time  occupied  by  many  revolutions,  the  observation  to  the  plaaet*s  Yjone  in  its 
average  length  of  one,  or  the  mean  original  position  with  respect  to  the  sun 
periodic  time,  may  be  ascertained ;  and  would  be  720150+50  or  720200  days, 
this  may  l>e  done  by  means  of  early  ob-  Now  this  period  must  comprise  an  exact 
servations  which  have  been  registered,  number  of  revolutions ;  it  is  not,  how- 
and  are  handed  down  to  us.  ever,    divisible  by  3600,   and*  conse- 

There  is  another  method,  also,  of  as-  quently,  that  number  cannot  accuratdy 
certaining  the  periodic  time  which  it  is  express  the  mean  periodic  time.  If, 
desirable  to  mention,  though  it  is  appli-  however,  we  divide  720200  by  3600,  we 
cable  only  to  the  superior  planets,  whose  find  the  quotient  to  exceed  200  by  a 
periodic  times,  as  we  shall  presently  see,  small  fraction  only  (y'g) ;  we  conclude, 
are  longer  than  those  of  the  inferior  therefore,  that  200  is  the  actual  number 
planets,  and  with  respect  to  which,  of  revolutions ;  and,  consequently,  that 
therefore,  it  is  more  important  to  have  720200  3  j  .3  is  the  mean  tw- 
the  means  of  comparing  observations        200  '"ww  y^ 

made  at  great  distances  of  time,  for  the  riodic  time.  There  are  extant  many 
purpose  of  getting  an  average  value,  early  observations  of  the  oppoations  of 
When  the  planet  is  m  opposition,  its  the  planets  Jupiter,  Saturn,  and  Man ; 
direction,  or  its  apparent  place,  as  seen  gome  of  them  considerably  earUer  than 
from  the  sun  and  from  the  earth,  is  the  the  Christian  era ;  there  are,  therefore, 
same.  Referring  to  y^.  31,  the  planet  ample  opportunities,  with  lespeet  to 
when  at  O  is  seen  both  from  S,  the  sun,  them,  of  making  the  computations  ex- 
and  E  the  earth,  along  the  same  line  plained  above ;  and  although  the  aoeu- 
S  E  O,  and  consequently  in  the  same  ^acy  of  these  very  early  observatioiis 
point  in  the  heavens.  If,  therefore,  two  ^ay  not  be  very  great,  yet  the  erww  so 
oppositions  can  be  found  at  which  the  produced,  being  divided  among  many 
planet  is  seen  at  the  earth  in  the  same  revolutions,  would  be  inoons&enble. 
point  of  the  heavens,  it  wUl  be  seen  then  yot  example,  in  the  instance  given,  an 
at  the  sun  also ;  and  it  will,  therefore,  error  of  32"  in  the  observation  would 
be  in  the  same  relative  position  with  re-  correspond  to  two  days  in  time,  divided 
spect  to  the  sun,  or  it  will  have  com-  among  200  revolutions,  or  the  error  in 
pleled  some  exact  number  of  revolu-  the  mean  periodic  time  would  only  be 
tions.  It  is  not  likely,  indeed,  that  the  the  I  th  of  a  day. 
points  where  the  planet  is  seen  in  oppo-  \ifithout  entering  farther,  at  present, 
sition  will  exactly  correspond ;  but  this  into  the  mode  of  ascertaining  the  im- 
is  not  necessary.  The  mode  of  proceed-  portant  elements  with  which  we  have 
mg  will  be  best  explained  by  an  ex-  i^een  concerned,  we  proceed  to  state  the 
ample,  in  which,  however,  we  will  not  fads  which  have  been  discovered  with 
take  any  real  case,  which  might  be  em-    respect  to  them.  They  were  aioertuDsd 
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by  the  great  astronomer  Kepler,  aod  are    in  an  ellipse  whose  major  axis  was  equal 

known  by  the  name  of  Kepler's  laws,  to  that  of  the  ellipse  which  we  suppose 

They  are  three  in  number.  the  sun  to  describe  about  the  earth. 

1.  The  orbit  in  which  each  of  the  This  is,  at  least,  an  extraordinary  coin- 
ite  moves  round  the  8un  is  an  el'  cidence,  especially  when  we  find  no  such 

te,  qf  which  the  sun  is  in  the  focus,  relation  existing  with    respect  to  the 

t  ecoentricitv  of  this  ellipse  is  dif-  moon's  motion  round  the  earth,  as  com- 

ferent  in  the  different  planets,  but  not  pared  with  any  of  those  which  we  have 

ffreat  in  any  case.     It  does  not,  there-  aescribed.    Hereafter  we  shall  find  this 

lore,   differ   very  considerably  from  a  circumstance,  among  others,  to  lead  to 

cirele ;  and  the  explanation  which  we  the  most  important  conclusions. 

have  given  of  the  phenomena  may  apply  We  shall  now  revert,  shortly,  to  the 

to  the  ease  as  it  exists  in  nature.  apparent  motions  of  the  planets  as  seen 

2.  The  areas  described  by  the  radius  from  the  earth ;  for  the  purpose  of 
vector  of  the  planet  (the  line  joining  the  showing  that  the  third  of  these  laws  ac- 
planet  to  the  sun),  are  proportioned  counts  for  the  phenomena  of  direct  and 
to  the  times  of  describing  them.  These  retrograde  motion,  and  makes  it  abso- 
two  laws  agree  with  those  which  we  lutely  necessary  that  those  phenomena 
have  already  seen  to  obtain  with  respect  should  ti^e  place. 

to  the  motions  of  the  sun  and  moon.  The  square  of  the  periodic  time  varies 

3.  The  squares  of  the  mean  periodic  as  the  cube  of  the  axis  major  of  the  orbit. 
times  qf  different  planets  are  to  each  If  we  suppose  the  orbits  all  similar,  (and 
o^ier  in  the  same  proportion  as  the  the  difference  in  their  figures  is  not  suf- 
eubesqfthe  axis  ma^orof  their  respec^  ficient  to  render  the  supposition  mate- 
tive  orbits.  For  instance,  if  the  axis  rially  untrue,)  the  circumference  of  the 
nujor  of  Mercury's  orbit  be  supposed  orbit  will  vary  as  the  major  axis.  The 
to  l>e  1 ,  and  that  of  Mars*s  orbit  4,  mean  linear  motion  in  the  orbit  (or  the 
the  square  of  Mercury's  periodic  time  actual  motion,  if  it  be  supposed  uniform) 
will  be  to  the  square  of  Mars*s  periodic  varies  as  the  circumference  divided  by 
time  as  the  cube  of  Mercury's  distance  the  time  of  describing  it,  which  is  the 
to  the  cube  of  Mars's,  or  as  1  to  64 ;  periodic  time ;  or  it  varies  directly  as  the 
and  the  periodic  times  themselves  in  the  axis  major  (for  the  circumference  varies 
proportion  of  the  square  roots  of  these  so),  and  inversely  as  the  square  root  of 
quantities,  or  of  1  to  8.  These  num-  the  cube  of  the  axis  major  (for  the  perio- 
bers  are  not  accurate,  but  they  are  not  die  time  varies  so) ;  or,  finally,  it  varies 
far  from  the  relations  subsisting  between  inversely  as  the  square  root  of  the  axis 
the  motions  of  Mars  and  Mercury.  major.    The  greater  the  axis  major,  the 

There  are  two  very  remarkable  circum-  less  is  the  linear  motion  or  velocity. 

stances  which  require  notice  before  we  We  have  already  stated  that  the  perio- 

poceed  further.  die  time  of  the  sun  round  the  earth  fol* 

At  the  time  when  Kenler  discovered  lows  the  same  law  as  that  of  the  planets 

these  laws,  the  planets  Uranus,  Vesta,  round  the  sun.     The  inferior  planets 

Ceres.  Juno,  and  Pallas,  were  uxiknown,  being  always  nearer  the  sun  than  he  is 

It  is  found,  by  observation,  that  they  to  the  earth ;  the  axis  major  of  the  or- 

aocnrately  follow  the  laws  deduced  by  bit  of  an  inferior  planet  is  less  than  that 

Ke]^  m>m  comparison  of  the  motions  of  his,  and  the  linear  motion  of  the 

of  the  planets  then  known ;  their  orbits  planet,  consequently,  more  rapid.    A 

are  ellipses,  the  areas  traced  out  by  the  superior  planet,  on  the  contrary,  has 

radios  vector  of  each  are  proportional  to  the  axis  major  of  its  orbit  greater  than 

the  times;  andtheperiodic  time  of  each  that  of  the  sun's,  and  its  own  linear 

is  that  corresponding  according  to  the  motion,  consequently,  less  rapid  than 

third  law,  with  the  magnitude  of  the  his. 

major  axis  of  its  orbit.    This  furnishes  Now  at  the  period  of  inferior  conjunc- 

very  strong  reason  for  believing  that  tion  in  an  inferior  planet,  and  of  oppo- 

the  laws  are  not  the  expression  of  a  mere  sition  in  a  superior  one,  the  orbit  of  the 

fortuitous  coincidence,  but  the  result  of  planet,  if  it  be  supposed  circular,  is  per- 

some  fixed  principle  regulating  these  pendicular  to  the  fine  joining  the  planet 

motions.  to  the  earth ;  for  this  line,  if  produced. 

The  periodic  time  of  the  sun  round  the  passes  through  the  sun,  the  centre  of 
oarth  is  exactly  that  which,  according  the  planet's  orbit.  The  motion,  there- 
to the  third  law,  would  be  the  periodic  fore,  of  the  planet  in  its  orbit  is,  at  this 
tone  of  apkanet  moving  round  the  sun  period*  perpendicular  to  the  U&ft  V^vd^<^ 
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it  to  the  earth,  and  produeet  the  full  the  time  of  Pftmnff  from  one  node  to 
effect  of  that  amount  of  linear  motion  at  the  other  will  be  different  flrom  the  time 
that  distance.    Airain,the  motion  of  the    of  returning  to  the  former  node  a^in, 

Slanet,  produced  by  the  sun's  motion  in  unless  in  the  single  case  of  the  comci- 
is  orbit,  is  always  in  a  direction  parallel  denoe  of  the  line  of  the  nodee  with  the 
to  the  sun*s  motion ;  and  if  we  suppose  major  axis.  Accordingly,  we  do,  by  ob- 
the  sun's  orbit  also  circular,  the  hne  of  servation,  find  that  these  timet  are  im* 
his  motion,  and,  consequently,  all  lines    equal.    In  the  case  of  Mars  and  Jupiter 

{parallel  to  it,  will  be  perpendicular  to  the  they  are  Tery  considerably  so ;  in  the  case 
ine  joining  him  with  the  earth.  But  of  Saturn  the  difference  is  very  incon- 
this  line,  or  this  line  produced,  passes  siderable.  In  the  case,  therefore,  of  Mars 
through  the  points  of  mferior  conjunc-  and  Jupiter,  the  orbit  must  diifer  mate- 
tion  or  opposition ;  the  planet's  motion  rially  from  a  circle ;  in  the  case  of 
thus  produced,  therefore,  is  perpen-  Saturn  it  either  must  be  Yery  nearly 
dicular  to  the  line  joining  the  earth  with  circular,  or  the  line  of  the  noaes  must 
these  points,  or  with  the  planet  when  in  nearly  coincide  with  that  of  the  mi^ 
them.  At  these  points,  therefore,  this  axis ;  and  from  accurate  inyeatigalKm 
motion  of  the  planet  is  perpendicular  to  of  his  motions,  it  appears  that  the  latter 
the  line  joining  it  to  the  earth,  and  pro-    is  the  case. 

duces,  like  its  motion  in  the  orbit,  the  The  interral  of  time  between  two  sno- 
fuU  effect  of  that  amount  of  linear  mo-  cessive  conjunctions  or  oppositions  of  a 
tion  at  that  distance.  The  distance  planet  is  called,  in  the  same  manner  as 
being  the  same  for  each,  the  one  angu-  in  the  case  of  the  moon,  the  synodic 
lar  motion  will  exceed  or  fall  short  of  period  of  the  planet.  We  shall  find  that 
the  other,  as  the  linear  motion  does  so ;  relations  exist  between  the  synodic  period 
and,  consequently,  the  motion  produced  and  periodic  time,  in  the  planets,  simt- 
by  the  pUnet's  motion  in  its  orbit,  will  lar  to  those  which  we  have  already  in- 
exceed  that  produced  by  the  sun's  mo-  yestigated  in  the  moon.  The  formula 
tion  round  the  earth  in  the  case  of  an  deduced,  however,  are  not  exactly  the 
inferior  planet ;  and  will  faU  short  of  it  same  in  the  superior  and  inferior  pla- 
in the  case  of  a  superior  one.  The  nets;  and  they  must  be  separately  in- 
planet's  motion  in  its  orbit  produces    vestigated. 

retrograde  motion  in  the  case  of  an  in-  Taking  the  instance,then,  of  an  inferior 
ferior  planet ;  the  sun*s  motion  in  its  planet,  let  8  represent  the  synodic  period, 
orbit  produces  retrograde  motion  in  the  P  the  periodic  time  of  the  sun  round  the 
ease  of  a  superior  planet.  The  motion,  earth,  and  p  that  of  the  planet  round  the 
therefore,  which  produces  the  appear-  sun.  P  is  greater  than  p,  by  Kepler's 
ance  of  retrograde  motion,  is  always  third  law ;  or  the  planet  sooner  returns 
greater  and  more  effective  in  opposition  to  its  original  position  with  respect  to 
and  inferior  conjunction,  than  that  which  the  sun,  than  the  sun  with  respect  to  the 
produces  direct  motion,  and,  conse-  earth.  Now  if  the  sun  were  at  rest,  the 
quently,  there  must  necessarily,  from  planet,  on  completing  its  revolution 
the  law  regulating  the  periodic  times,  be  round  the  sun,  would  be  in  the  same 
retrograde  motion  at  these  seasons.  These  position  with  respect  to  the  snn  and 
conclusions  correspond  with  the  remarks  earth  as  before ;  but  the  sun  having 
in  page  113.  For  the  sake  of  simplicity,  moved,  it  is  not  so.  It  will,  therefore, 
they  have  been  deduced  on  the  supposi-  have  to  pass  through  a  further  aro  of  its 
tion  that  the  orbits  are  circular;  but  orbit  before  it  arrives  at  this  original 
their  deviations  from  the  circular  form,  position.  Let  this  arc  be  A,  then  the 
and  from  uniform  motion,  are  not  suffi-  planet  will  have  described  an  arc  360^-f- 
cient  to  render  the  conclusions  untnie.  A,  and  the  sun  an  arc  A,  when  the 
Another  observation  which  we  may  planet  is  again  in  conjunction.  But  the 
now  make,  is  this.  The  only  line  which  time  from  one  conjunction  to  another  is 
can  be  drawn  through  the  focus  of  an  the  synodic  period ;  hence  the  time  of 
ellipse,  so  as  to  bisect  the  area  of  the  the  synodic  period  =  time  ui  which  the 
curve,  is  the  axis  major.  The  line  of  the  planet  describes  360^-4"^  round  the 
nodes  passes  through  the  sun,  the  focus  ^  >  a     P 

of  the  ellipse;  unless,  therefore,  it  coin-    8""»  ^^  S=(360+A)  — ,  on  the  fup- 

cides  with  the  axis  major,  it  must  divide  ^^^^^^^  ^^at  the  motions  are  uniform, 

the  area  of  the  orbit  mto  unequal  parts ;  *^  p 

and  as  the  time  taken  to  describe  any  Bat  S=A« — ,  (for  it  is  the  time  in  which 
area  is  proportional  to  the  area  deecribea,  ^^^ 
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Um  lun,  whole  periodic  time  is  P,  de- 
scribes an  arc  of  A^,  and,  consequently, 
A       360  8 

A  s  ■  ^  .  Substituting  this  Talue  of 
A  in  the  fonner  equation, 

or  PS  «?«+  Sp,  and,  coniequentlT, 
a      Pp        .„     PS 

In  the  case  of  a  superior  planet,  if  S' 
vtpresent  its  synodic  period,  and  j/  its 
periodic  time,  P,  as  before,  being  the 
periodic  time  of  the  sun,//  is  greater 
than  P  by  Keplef  s  third  law ;  or  the 
mm  returns  sooner  to  the  same  place 
with  respect  to  the  earth,  than  the  planet 
with  respect  to  the  sun.  If  the  planet 
were  at  rest,  the  relative  positions  of  the 
sun,  earth,  and  planet,  would  be  the 
same  as  before  when  the  sun  had  com- 

eited  a  revolution ;  but  the  planet 
ving  moved,  it  is  not  so.  The  sun 
will,  therefore,  have  to  pass  through  a 
further  arc  of  its  orbit  before  it  arrives 
at  its  original  relative  position.  Let  this 
arc  be  A' ;  then  in  the  synodic  period, 

B\  the  sun  will  have  described  360+ A', 

p 
or  S'*=(360+A')— ,  and  the  planet  will 

hare  described  A',  or  S'=A'.~-,  and, 


ever,  of  more  imporiance  to  observe, 
that  the  lengths  or  the  synodic  periods 
bear  a  ceriain  relation  to  the  proportion 
of  their  distances  from  the  sun. 

eoqjQDCtloii  at  e.  If.  then,  the  pUstl  bad  no  ««• 
tion  to  lu  orbit,  wbeii  tb«  ton  was  at  S',  tbe  plaaat 
would  be  at  A  or  a,  (A  a  being  a  lio«  parallel  to 

Fig.  32. 


consequently.  A' = 
this   value 

r 


360  S' 


360* 
Substituting 


Tstfo 


in    the    former   equation, 
360  S^\ 

J^     )  ,       .  -  . 

or  S' ©'siy-j-S'P,  and,  oonsequently« 

In  both  cases,  therefore,  if  either  the 
srnodic  period  or  the  periodic  time  of  a 
planet  be  known,  the  other  may  be  cora« 
pttted ;  and  as  the  synodic  period  may 
be  observed,  this  furnishes  another,  and 
%  very  easy  method  of  ascertaining  the 
periodic  time,  on  the  supposition  of  cir- 
cular motion.  The  expressions,  also, 
will  he  correct  as  to  the  mean  synodic 
and  periodic  times,  even  in  the  case  of 
elliptic  motion  *     It  is  at  present,  how- 

•  Tbe  same  conclutione  may  be  deduced  io  the 
following  nanoer.  which  has  the  advantsge  of 
abowtng  more  distinctly  that  the  periods  of  con- 
lanciion  or  opposition  InTcstlyated  are  those 
UBmedialely  sncccsdinf  each  other  :— 

Jo  Jig.  32,  let  £  represent  the  earth,  and  S  8'  a 
poaltion  of  tbe  sun's  orbit,  supposed  circular,  and 
Ht  tbt  smaller  circles  described  about  8  acd  S'  re- 
preaeat  tbe  orbit  of  an  inferior  planet.  Let  at 
npoae  the  planet,  when  tbe  tun  is  at  S,  to  be 
ctuer  la  nipertor  coqjimctioii  at  C,  or  in  inferior 


C  e,  or  A,  a.  belof  the  points  In  the  orbit  deterlbed 
round  S',  currespondlnf  to  C,  e,  in  tbe  orbit  de« 
scribed  round  8,)  and,  consequently,  not  In 
conjunction,  for  the  points  of  conjunction  are 
evidently  C*,  <f.  The  angle  C  S'  A,  or  Its  Tertlcal 
angle  a  S'c'.  is  equal  to  8'  E  S,  for  A  8'  a  is  parallel 
to  8  E )  if,  therefore,  the  planet's  angular  moUon 
In  Its  orbit  were  equal  to  tnat  of  the  sun,  the  planet 
would  still  be  in  conjunction  when  the  sun  was  at 
any  point  whatsoerer,  8'.  if  it  had  been  so  when 
the  sun  was  at  8.  But  the  angular  motion  of  the 
planet  is  to  that  of  the  sun  In  the  luTerte  ratio  of 
their  peilodic  times  f  for  escb  describes  awhnla 
circumference  in  Its  periodle  Ume.  The  angular 
motion  of  an  Inferior  pisnet  round  the  sun,  there- 
fore, being  greater  tnan  that  of  the  snn  round 
the  earth,  the  planet,  instead  of  being  at  O'  or  e' 
when  the  sun  is  at  8',  will  baTO  described  some 

K eater  angle,  A  8'  V,  or  a  S'e,  and  will, .therefore, 
I  distant  fk-om  the  point  of  coajnoctlon,  Cf  or&, 
by  tbe  angle  Cf  8'  V,  or  e'S'e. 

Let  T  —  time  of  the  sun*s  describing  the  angle 
S  S  8',  and  let  P,  •.  and  8,  retain  their  sigsracatlon* 
.•.T:P.:  fiES':8eao 

::   AS'CoraS'e'tdeO. 

and  A  8' C  or  a  8' e'-asoo -->• 

Agaln.Ttp::  AS'Vorc8'«:80S, 

and  A  8' V  or  a  8' e-ae(P^ 

P 
Hence  the  angU  C'S'  V  or  c'  8  v'-A  SnT— A8'C 

oraS'e— a8'c<-3ee»— -36<»«-I-,   a    qvantlty 

Which  eontlnually  Hiereatea,  as  T  Increases;  or 
the  distance  of  the  planet  from  the  point  of  supe- 
rior or  inferior  conjuncUon  continually  increases. 
When,  bowerer,  this  angle— 300^.  (and  not  tiU 
then,)  the  sItoatloB  of  the  body  is  the  same  as  If 
tbe  angle  were  nothiagi  or  tbe  planet  is  in  snoerior 
or  inferior  conlunctiom  and  consequently,  in  this 
tue.  T  =  0,  the  synooic  period.    The  equation, 

S  8 

therefore,  becomae  360"  =  360© "—  -  a6(fiy> 

or  Pp-'PS  —  f  8,  as  before. 
Tne  aame  operations  erldently  apply  to  the 
He  of  a  superior  planet,  except  that  its  angular 
motion  being  less,  the  planet's  place  wHl^lfalhert 
of  tbe  point  of  conjunction  or  opposition  by  the 
diference  of  tbe  angles  i  and  tte  angle  by  which  it 

T  T 

d«ti  so  wUl  be  aSO-^  —  360  -^t,  and,  tbtra. 

ibrt,  P^s^8f-P8f,  aabvlott* 
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IV.  HO  ASTRONOMY.  Itl 

the  two  inferior  pitnets.    Being  inferior  observed  alio  at  Werdhne  in  Norway, 

planet*,  thejr  pass  between  the  sun  and  at  Cajaneboorg  in  Swedish  Lapland, 

the  earth  ;  if,  therefore,  at  the  time  of  at  Kola  in  Russian  Lapland,  at  Peters* 

inferior  conjunction,  they  are  nearer  the  burff,  at  Paris,  at  California,  and  at 

ecliptic  than  the  distance  of  the  sun*8  Hudson's  Bay,  &c ;  and  it  is  from  a 

apparent  radius,  they  will  be  in  the  comparison  of  all  these  observations, that 

same  direction  'as  some  part  of  the  sun  the  value  of  the  sun*8  horiaontal  pa- 

itself,  and  will  become  visible  upon  his  rallax  now  received  as  correct  has  been 

surface,  and  will  appear  to  pass  over  it,  deduced. 

•xactly  in  the  same  manner  as  the  The  last  transit  of  Venus  took  place 
moon  does  in  the  case  of  a  solar  eclipse.  In  1769:  there  will  not  t)e  another  till 
This  appearance  is  called  a  tfwtsii  1874.  The  rare  occurrence  of  these 
(L  e.  fHusing  aeroa)  of  Mercury  or  phenomena  is  easily  explained :  they 
Venus.  The  general  principles  of  its  can  occur  only  when  Venus  is  near 
investigation  are  similar  to  those  of  a  one  of  the  nodes  of  her  orbit,  and  also 
■olar  eclipse,  and  it  is  not  necessary  in  inferior  conjunction*  The  periodic 
here  to  enter  into  its  details.  It  is,  time  of  Venus,  or  time  from  leaving  her 
however,  of  importance  to  point  out  node  till  she  returns  to  the  same  node 
the  very  important  use  to  which  the  arain,  which  is  very  nearly  the  same,  is 
ol>8ervation  of  them  may  be  applied,  about  224  days:  the  synodic  period. 
It  appears,  that  the  duration  of  a  so-  from  inferior  conjunction  to  inferior 
Ur  eclipse,  or  transit,  depends  on  the  conjunction,  is  about  584.  If,  therefore, 
apparent  diameters  of  the  sun  and  of  the  planet  were  in  its  node  at  the  time 
the  body  passing  over  it,  and  on  the  of  one  inferior  conjunction,  at  the  time 
difference  of  their  respective  parallaxes  of  the  next  inferior  conjunction  it  would 
at  the  place  of  observation.  The  former  be  distant  from  that  node  by  the  space 
elements  may  be  considered  as  nearly  which  it  describes  in  136  days ;  for 
the  same  at  the  same  time  on  every  584  s  3  X  224  +  136.  There  would, 
point  of  the  earth's  surface :  the  latter  therefore,  be  no  transit,  for  the  planet 
IS  different  in  different  places,  for  the  wouldbe  distant  from  either  node:  as  the 
parallaxes  themselves  are  so.  The  du-  opposite  node  would  be  only  about  112 
ration  of  the  transit  will  therefore  be  days  from  the  former.  Five  synodic 
different  at  different  places,  and  if  the  periods,  however,  amount  to  about  2920 
parallaxes  are  accurately  known,  it  may  da^s,  or  very  nearly  eight  years ;  and 
DC  accurately  computed.  Conversely,  thirteen  periodic  times  ot  Venos  amount 
if  the  duration  of  the  transit  be  ob-  to  2912  dajrs:  so  that  at  the  fifth 
•erved,  the  difference  of  the  parallaxes  synodic  period,  or  at  the  distance  of 
may  be  computed,  and  this  with  more  eight  years,  Venus  would  again  be  veiy 
accuracy,  if  the  duration  of  the  transit  nearly  in  inferior  conjunction,  and  a 
be  observed  in  different  places  (chosen  transit  might  take  place.  Accordingly, 
so  that  the  phenomena  of  parallax  there  was  one  in  1761,  eight  years  before 
should  differ  considerably  at  them),  and  that  in  1769.  The  correspondence  of 
the  difference  of  the  parallaxes  ascer-  the  periods,  however,  is  not  exact,  and 
tained  at  each.  From  the  comparison  the  difference  accumulates.  The  con- 
of  these  observations,  the  actual  pa-  sequence  is  that,  although  eight  years 
rallaxes  can  be  ascertained  with  much  after  a  transit  another  may  occur,  there 
inore  accuracy  than  in  any  other  way ;  will  not  be  a  third  at  the  end  of  a  second 
and,  as  the  sun*s  parallax  is  so  small  ])eriod  of  eight  years :  the  difference  of 
that  the  greatest  nicety  of  observation  is  time  being  doubled,  makes  the  distance 
necessary  to  ascertain  it  within  any  from  the  node  too  great  to  admit  of  a 
tolerable  limits  of  accuracy ;  and  as  its  transit.  The  next  period  at  which  a 
accurate  ascertainment  is  of  the  highest  transit  takes  place  at  the  same  node  is 
importance  in  astronomy,  great  care  has  after  235years ;  and  then  again  in  eight 
been  taken  by  various  governments  to  years.  TTiese  results  cannot  be  de- 
have  these  occurrences  accurately  ob«  du^  without  employing  more  accurate 
served  in  the  most  desirable  situations,  values  of  the  synodic  period  and  pe- 
The  last  transit  of  Venus  took  place  in  riodic  time  than  those  above  used,  for 
1769 ;  and  Cook  made  the  first  of  his  the  purpose  of  explanation ;  and  it  is 
celebrated  voyages  for  the  purpose  of  not  worth  while  to  occupy  any  time  in 
eonveying  to  Otaheile  the  astronomers  obtaining  them :  there  may,  however, 
aent  out  by  this  country  to  observe  the  be  transits  at  the  opponte  node.  These 
triofit  there.    The  same  transit  wtf  will  snoeeed  each  othtx  Va  ^^  ^^n:^ 
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the  vinble  fiee  of  the  lan  to  *  tpeetttor  probably  eloudf  in  hit  atnoiphen,  end 
would  of  course  pass  through  tne  least*  liable  to  mueh  agitation  from  winds : 
thiclcness  of  this  atmosphere,  and  would,  but  any  such  conclusions  are,  of  course, 
in  consequence,  be  the  least  affected,  involved  in  much  uncertainty.  These 
It  is  also  conjectured,  that  the  sodiacal  are  the  principal  facts  known  with  rela« 
liflfht,  a  funt  light  sometimes  seen  a  tion  to  Jupiter,  except  one  of  the  higfaeit 
little  after  sunset  and  before  sunrise,  importance— that  he  is  accompanied  by 
especially  about  the  time  of  the  vernal  four  small  bodies  which  appear  to  re- 
equinox,  is  reflected  by  the  atmosphere,  volve  round  him,  and  which  are  called 

The  observations  on  the  planets  which  his  satellites.    These  bodies  were  dii« 

are  found  to  revolve  round  an  axis  are  covered  by  Galileo  as  soon  as  the  in- 

of  the  same  nature.    The  motion  of  vention  of  the  telescope  gave  him  tbs 

each  of  them  is  found  to  be  from  West  means  of  making  ol>servations  of  so 

to  East.    In  the  case  of  Venus,  lumi-  much  delicacy.    They  are  not  visibla  to 

nous  points  are  occasionally  observable  the  naked  eye ;  but  a  telescope  of  verjr 

near  tne  boundary  of  the  unenlightened  moderate  power  is  sufficient  to  exhibit 

part ;  and  from  these,  as  well  as  from  them.    Their  motions,  however,  art  of 

certain  dark  spots,  her  motion  of  rota-  too  great  importance  to  be  incidentally 

tion   is  ascertained.     The  equator  of  discussed  here:  and  as  the  remaining 

Venus— using   the  word  in  the  same  planets  are  also  attended  by  eatellitesi 

sense  as  that  in  which  we  have  already  the  description  of  their  motions,  and  of 

applied  it  to  the  sun,  namely,  a  great  the  laws  which  govern  them,  will  form 

circle  perpendicular  to  the  axis  of  ro-  the  subject  of  a  separate  section, 

tation— is  inclined  to  the  plane  of  the  Saturn,  as  well  as  Jupiter,  has  satei* 

ecliptic  at  a  considerable  angle.    Ap-  lites,  and  idso  a  very  remarkable  adjunct 

pearances  detected  by  the  same  course  in  a  large  ring  which  surrounds  it,  and 

of  observations  have  led  to  the  further  a  more  particular  account  of  which,  as 

conclusion,   that  there  are  very  high  well  as  of  his  satellites,  will  also  be 

mountains  on  the  surface  of  Venus,  and  found  in  the  next  chapter.    For  the  pie- 

that   she  is  surrounded  with   an  ex-  sent  it  is  sufficient  to  say,  that  the  ecu- 

tensive    atmosphere,  whose  refiractive  tre  of  the  ring  coincides  with  that  of  the 

power  differs  little  from  that  of  the  at-  planet,  and  that  its  plane  is  inclined  at  an 

mosphere  of  the  earth.     These  latter  angleof  a  little  more  than  31^  to  that  of 

observations,  however,  have  little  ceiv  the  ecliptic.  The  ring  casts  an  observable 

tainty :  the  motion  of  rotatk)n  is  com-  shadow  on  the  planet.    Besides  these 

pletelv  established.     Similar  observa-  appearances,  there  are  belts  observable 

tions  have  been  made,  though  with  less  on  the  surface  of  the  pUnet  nearly  pa- 

certaint  V,  upon  Mercury.  In  the  case  of  rallel  to  the  ring ;  and  the  planet  itself 

Mars,  there  is  nothing  particular  to  be  is  found  to  move  from  west  to  east 

detailed :  his  axis  of  rotation  is  inclined  round  an  axis  which  is  perpendicular  to 

about  60°  to  the  plane  of  the  ecliptic.  the  plane  of  the  ring.    As  in  the  ease 

The  observations  which  are  made  on  of  Jupiter,  the  period  of  rotation  is  very 

Jupiter  are  much  more  curious  and  im-  short,  and  as  in  the  case  of  Jupiter  alsOb 

portant.    Besides  spots,  which,  as  .in  we  find  the  axis  and  the  equatorial  dia- 

t he  case  of  the  other  bodies,  show  him  meter  very  perceptibly  different;  the 

to  revolve  round  an  axis  very  nearly  former  being  about  one-eleventh  shorter 

perpendicular    to    the    ecliptic,    there  than  the  latter. 

are  several  darkish  belts  observable  on  It  will  be  observed  that  there  is  no 

his  surface,  which  cross  it  in  lines  per*  period  of  rotation  assigned  to  Mercury, 

pendicular  to  his  axis  of  rotation,  and  of  Vesta,  Juno,  Ceres,  Pallas,  and  Uranus. 

course  parallel  to  each  other.  There  are  no  observations  which  lead  to 

That  planet  is  found  also,  by  minute  the  conclusion  that  these  bodies  do  re^ 
observation,  not  to  be  sphericd.  but  to  volve.  It  is,  however,  probable  that,  as 
have  its  axis  shorter  than  the  equatorial  in  all  other  respects  they  correspond 
diameter,  in  the  proportion  of  thirteen  to  with  the  remaining  planets,  they  do  so 
fourteen  very  nearly.  We  shall  here-  in  this  also.  As,  however,  the  motion 
after  find  this  remark  of  importance,  of  rotation  is  detected  only  by  observa* 
There  are  some  irregularities  in  the  mo-  tion  of  particular  marks  and  spots  on 
tion  ot  the  spots  from  which  Jupiter's  the  surface  of  the  body,  these  observa- 
motion  of  rotation  has  been  ascertained,  tions  must  be  more  difficult  as  the 
which  give  colour  to  a  belief  that  they  body  is  more  distant,  and  when  its  sp- 
are not  exactly  upon  his  surface,  but  parent  diameter  is  very  small.  It  it  not 
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to  be  expected  that  any  sueh  variations  lumns,  therefore,  aicertain  the  potition 
of  its  surface  can  be  cfetected.    Vesta,  of  the  plane  of  the  planet*s  orbit.    If 
Juno,  Ceres,  and  Pallas  are  so  small  the  planet's  orbit  were  circular,  the  sun 
that   their   apparent    diameters   have  being  in  the  centre,  a  circle  described 
never  been  ascertained  at  all ;  and  that  round  the  sun  in  this  ascertained  plane 
of  Uranus  does  not  exceed  4",    It  is  at  the  planers  mean  distance,  would  b9 
not,  therefore,  surprising  that  observa-  its  orbit.    This  is  not  the  case.    From 
tion  shoidd  be  unable  to  detect  any  mo-  the  mean  distance,  and  the  excentricity 
tioa  of  rotation ;  nor  does  the  absence  however,  we  can  exactlv  determine  the 
of  such  observations  furnish  any  reason  figure  of  the  planefs  orbit ;  and,  conse* 
for  disbelieving  its  existence.    Even  in  quently,  if  we  know  the  situation  of  its 
the  case  of  Mercury,  though  his  extreme  axis,  we  know  the  exact  position  of  tlui 
apparent  diameter  is  not  very  much  less  whole  orbit.    Now,  the  points  where 
than  that  of  Saturn,  the  greater  diffi-  the  planet  is  at  the  least,  and  at  the 
eulty  of  making  observations  on  his  ap-  greatest  distance  from  the  sun,  or,  as 
pcarances,  in  consequence  of  the  strong  they  are  respectively  called,  the  jMfrt- 
light  diffused  over  the  part  of  the  hea-  Mum  and  aphelion  of  the  planet,  are 
Tens  in  which  he  is  situated  by  the  near  at  the  extremities  of  the  axis  maior  of 
neighbourhood  of  the  sun,  and  the  small  the  orbit ;  and  a  line,  therefore,  drawn 
part  of  his  disk  which  is  generally  visible  through  them,  which  will  pass  through 
to  the  observer  on  account  of  his  phases,  the  sun  also  gives  the  position  of  the 
will  account   for   the  impossibility  of  axis.    To  ascertain  this  line,  we  want 
n|aking   the   same   observations   with  only  the  longitude,  as  seen  from  the 
respect  to  him  that  have  l)een  made  with  sun,    of  the  perihelion  ;    for  a  plane 
respect  to  Saturn ;  and  even  in  the  case  drawn  perpendicular  to  the  ecliptic  there 
of  Saturn  the  observations  are  of  ex«  will  intersect  the  planet*s  orbit  in  the 
treme  difficulty,  and  Dr.  Herschel  was  perihelion ;  and  consequently  this  loa- 
the first  person  who  successfully  made  gitude  l)eing  known,  and  also  the  incli- 
tbsm,  though  the  motion  of  rotation,  nation  of  the  orbit,  the  exact  situation 
and  even  its  amount,  had  been  conjee-  of  the  perihelion  mav  be  discovered,  and 
tured  before.    Like  Jupiter  and  Saturn,  henee  the  position  of  the  axis,  and  conse- 
Uranus  has  satellites,  an  account  of  quently  of  the  whole  orbit,  ascertained*, 
which  will  be  ^ven  in  the  next  chapter.  The  three  columns,  therefore,  with  those 
The  remaimng  columns  require  very  of  the  mean  distance  and  the  exoentri* 
little  explanation.     The  plane  of  the  city,  furnish  the  means  of  completely 
ecliptM  being  a  known  plane,  the  posi-  ascertaining  the  position  of  the  orlnt. 
tion  of  the  (Hane  of  any  other  orbit  will  It  should,  however,  be  observed  that 
be  ascertained,  if  we  know  the  incline*  all  these  elements  are  subject  to  a  very 
tion  of  that  orbit  to  the  ecliptic,  and  the  slow  variation.    The  nodes  of  all  the 
line  in  which  it  intersects  it,  or  the  line  orbits  have  a  retrograde  motion,  except 
of  the  nodes.    The  position  of  the  sun  that  of  Mercury  which  is  direct ;  this, 
also  is  known,  and  it  is  a  point  in  the  however,  even  in  the  case  of  Uranus, 
plane  of  the  ecliptic,  and  in  the  line  of  where  it  is  greatest,  does  not  amount  to 
the  nodes :  the  position  of  this  line  will  quite  1^  in  one  hundred  years.  The  longi- 
therefore  tie  ascertained,  if  the  direction  tudes  of  the  perihelia  and  the  inclinations 
of  the  node  with  respect  to  the  sun  b^  of  the  orbits  increase  in  some  planets,  and 
known ;  and,  as  the  node  is  in  the  plane  diminish  in  others :  the  utmost  variation 
of  the  ^iptic  also,  this  direction  will  be  in  the  longitude  of  the  perihelion,  which 
at  once  ascertained  by  the  langiiutU  of  is  that  of  Satium,  is  only  of  32'  1 7"  in 
the  node  as  seen  from  the  ^un ;  that  is,  one  hundred  years,  in  increase ;  and  the 
the  distance  from  the  first  point  of  Aries  greatest  variation  of  inclination  is  that 
of  the  point  where  a  line  drawn  from  the  of  Jupiter*s  orbit,  the   inclination  of 
son  through  the  node  meets  the  celestial  which  diminishes  23''  in  one  hundred 
celiptio.    Fmally,  we  take  the  longitude  ^ears.    The  excentrieity  of  the  orbits, 
of  the  tucmdmg  node,  l>eoause  the  in-  also,   is  liable  to  a  slight   variation. 
clination  may  b%  measured  either  north-  Thoe  variations  are  not  yet  ascertained 
wards,  at  the  ascending  node,  or  south-  in  the  case  of  Vesta,  Juno,  Ceres,  and 
wards  at  the  descending  node ;  and  it  is    — — ' " 

th««foni .««,««« {o  .peeiiy  which  .^^3^^^?^*  ffil',:i:^.^•.'^:i:J'.•.'s: 

node  it  IS,  of  which  the  longitude  is  as-  io«iiiMti«iiai«oUitooirB.  TiMpotiUoii,thOTeftif«^ 

eertained.    The  other  node  is.  of  oourae,  ?'i5?,^,!5f!;i"7'»!f*°^  V  **?.'??'*'**25' 

liO<»  distant  from  this.    These  twoSSl  l2L"2S£a5r^^ 
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These  tatellites  are  four  in  number,  and  found  that  when  the  satelUfes  ptsi 
the  orbit  of  each  is  nearly  circular.  The  within  a  certain  distance  of  this  line,  at 
nearest  to  Jupiter  is  called  the  first,  the  a  greater  distance  from  the  sun  than 
next  the  second,  the  most  remote  the  Jupiteris,  or  behind  Jupiter  and  through 
fourth  satellite.  The  inclination  of  the  his  shadow,  they  lose  all  their  light  and 
orbit  of  Jupiter  to  the  ecliptic  is  very  become  invisible.  We  conclude,  there- 
small,  and  so  also  are  tlie  inclinations  of  fore,  that  they  shine  only  by  reflecting 
the  orbits  of  these  satellites.  The  satel-  light  from  the  sun,  as  they  disappear 
lites,  therefore,  are  always  very  near  to  the  when  the  light  of  the  sun  is  intercepted 
plane  of  the  ecliptic,  and  consequently  ns  f^om  them.  The  same  conclusion  may 
the  earth  itself  is  in  the  same  plane,  the  be  deduced  from  observations  made 
satellites  are  always  seen  very  nearly  in  when  the  satellites  pass  between  Jupiter 
the  line  of  the  celestial  ecliptic,  which  is  and  the  sun,  for  then  a  shadow  may  be 
the  intersection  of  that  plane  with  the  observed  on  the  surface  of  Juniter  cor- 
plane  of  the  heavens ;  or,  as  they  are  seen  responding  to  the  situation,  and  moving 
m  a  very  small  part  of  that  line,  they  will  with  the  motion  of  the  satellite,  which 
appearverynearlv  in  a  straight  line, which  therefore  is  evidently  an  opaque  body, 
passes  through  the  centre  of  the  planet,  ^ving  no  light  in  itself,  and  capable  of 

The  orbits  of  these  satellites  are  found  mtercepting  that  of  the  sun.  The  satel- 
to  be  elliptic ;  those  of  the  first  and  lites,  tnerefore,  when  they  pass  behmd 
second  are  very  nearly  circular ;  those  Jupiter  are  eclipsed^  just  as  the  moon  is 
of  the  third  and  fourth  have  observable  when  it  passes  behind  the  earth,  and 
excentricity,  that  of  the  fourth  being  tlie  they  eclipse  the  sun  to  Jupiter  when 
greatest,  and  the  excentricity  of  that  of  they  pass  between  the  planet  and  the 
the  third  varies  in  a  remarkable  manner,  sun,  just  as  a  solar  eclipse  on  the  earth 
The  squares  of  the  periodic  times  are  is  occasioned  by  a  corresponding  situa- 
found  to  increase  in  the  proportion  of  tion  of  the  moon.  Another  conclusion 
the  cube  of  the  major  axis  of  the  orbit,  which  follows  from  the  same  observa- 
the  same  law  as  that  observed  by  the  tionsis,  that  Jupiter  himself  is  an  opaque 
planets  in  their  motions  round  the  sun ;  body  shining  only  by  reflected  light;  for 
and  like  them  also  the  areas  described  if  he  vflere  luminous  in  himself  he  would 
by  the  radius  vector  of  each  satellite,  enlighten  the  satellites  while  he  was  be- 
that  is  to  say,  bv  the  line  joining  the  tween  them  and  the  sun,  and  those  parts 
centre  of  the  satellite  with  the  centre  of  of  his  surface  between  whioh  and  the 
Jupiter,  the  body  round  which  it  re-  sun  a  satellite  was  passing  would  oon- 
volves,  are,  for  each  satellite,  propor-  tinue  to  shine,  although  the  solar  light 
tional  to  the  times.  The  mean  dis-  was  intercepted  from.  them.  We  have 
tances  of  the  satellites  are  respective-  already  seen,  p.  112,  that  the  absence  of 
ly,  5.81296,  9.24868,  14.75240,  and  phases  in  Jupiter  furnishes  no  argument 
25.94686,  the  radius  of  Jupiter  being  against  this  conclusion,  but  oorrespondi 
considered  as  1 ;  and  the  periodic  times  with  it. 

of  their  revolution  round  Jupiter  are        Tlie  motion  of  these  satellites,  like 

respectively  1.76914,3.55118, 7.15455,  those  of  aJl  the  bodies  connected  with 

and  16.68877  days,  quantities  which  the  solar  system  which  we  have  hitherto 

will  be  found  to  be  in  the  proportions  examined,  is  from  West  to  East.    The 

above  stated.    The  inclination  and  the  direction  of  their  motion,  its  time,  and 

position  of  the  nodes  of  these  respective  their  distances  from  the  planet  being 

orbits  are  found  to  vary,  but  we  need  known,  their  motions  may  be  accurately 

not  here  make  any  statement  of  these  computed,  and  consequently  the  time 

particulars.  which  they  would  take  in  passm^  through 

These  satellites  circulating  round  the  Jupiter's  shadow,  or  during  which  they 

planet   in   planes  very  little  different  would  cast  a  shadow  on  his  surfliop, 

from  that  of  the  planet's  motion  round  ascertained.    The  latter  of  these  may  be 

the  sun,  the  planet  must  frequently  be  observed  in  the  case  of  all  the  satellites, 

between  some  of  the  satellites  and  the  but  probably  not  with  sufficient  accuracy 

sun,  and  some  of  the  satellites  in  the  to  draw  any  material  conclusion  from  it; 

same  manner  between  the  sun  and  the  the  former  cannot  in  the  case  of  the  first 

planet.     The  periods    at  which  these  or  second  satellite,  the  entrance  of  which 

phenomena   take   place  may  be  com-  into  the  shadow,  or  else  its  de^MUiure 

puted,  for  the  positions  of  Jupitor  and  from  it,  is  always  concealed  from  the 

the  sun  being  known,  the  position  of  the  earth  by  the  planet.     The  thiid  azui 

Une  joining  them  is  known  also.    It  is  fourth  satellites,  which  are  mor^distaiit 
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from  the  planet,  may  both  appear  and  sun,  and  also  his  real  diamefer.     Of 

disappearwhentheplanet  is  not  between  course,  if  his  distance  from  the  earth 

them  and  the  earth ;  and  when  they  do  can  be  ascertained,  these  values  may  be 

•o,  the  duration  of  the  eclipse  is  found  computed ;  the  former  directly  from  the 

accurately  to  correspond  with  the  calcu-  triangle  formed  by  the  three  bodies,  of 

lation.  All  these  circumstances  prove  the  which  two  sides,  the  distances  of  Jupiter 

^uth  of  our  conclusions,  that  the  satel-  and  the  sun  from  the  earth,  would  be 

lites  shine  only  by  reflected  light,  and  known,  and  the  included  angle,  the  elon- 

also  confirm  the  accuracy  of  our  know-  gation  of  Jupiter  might  be  observed; 

kdi^  of  their  motions.  the  latter  from  the  comparison  of  his 

The  observation  of  these  eclipses  fur-  known  distance  from  the  earth  with  hia 

nishesthe  best  means  of  ascertaining  the  apparent  diameter  which  might  be  ob- 

periodic  time  of  the  satellites.    As  they  served.  But  there  is  a  difficulty  in  ascer- 

take  place  when  the  satellites  and  sun,  taining  his  distance  from  the  earth,  for 

seen  m)m  Jupiter,  are  in  opposition,  the  his  parallax,  the  element  generally  used 

interval  between  two  successive  eclipses  in  such  computations,  is  too  small  to  be 

is  a  synodic  period,  or  some  number  of  correctly  ascertained.   Taking  the  values 

synodic  periods ;  and  the  synodic  period  given  in  the  table,  in  p.  1 22,  to  be  correct, 

being  thus  ascertained  by  easy  observa-  Jupiter  when  nearest  to  the  earth  is 

lion,  the  periodic  time  may  be  deduced  more  than  four  times  the  distance  of  the 

from  it,  m  the  same  way  as  in  the  case  sun  from  it ;   his  horizontal  parallax, 

of  the  moon  or  of  a  planet.  therefore,  is  more  than  four  times  less 

Small  as  these  bodies  are,  for  their  than  that  of  the  sun,  and  as  the  parallax 

apparent  diameter  can  scarcely  be  mea-  of  the  sun  is  little  more  than  8",  that  of 

sured,  it  is  hardly  to  be  expected  that  Jupiter,  even    under  these,    the  most 

any  observations  can  be  made,  where-  favourable  circumstances,  will   hurdly 

by  to  ascertain  if  they  have  any  mo-  exceed  2'',  a  quantity  much  too  smau 

tion  of  rotation.     In  the  fourth  satel-  to  ground  any  calculations  upon  and 

lite,  however,  Maraldi  observed  a  cer-  still  less  on  its  variations.    How,  then, 

tain  spot,  from  which  he  concluded  that  are  these  elements  to  be  ascertained  ? 

it  revolved  round  an  axis,  and  that  the  Assuming,  indeed,  the  correctness  of  the 

time  of  this  revolution  was  the  same  as  law  that  the  periodic  times  vary  as  the 

the  periodic  time  round  the  planet.    Dr.  square  root  of  the  cubes  of  the  dis- 

Herschel  also  observed,  that  the  bright-  tances,  Jupiter's  distance  from  the  sun 

ness  of  the  different  satelUtes  varied  at  may  be  ascertained  from  observation  of 

riiort  intervals,  and  as  they,  hke  Jupiter  the  periodic  times,  and  his  distance  from 

liimself,can  have  no  observable  phases  at  the  earth,    and  consequently  his  real 

the  earth,  this  variation  of  brightness  magnitude,  deduced  from  this  element ; 

eouki  only  proceed  from  some  variation  but  it  is  obviously  desirable  to  be  able 

on  their  respective  surfaces.    By  care-  also    to   ascertain  this   independently, 

fill  comparison  of  their  respective  bright-  And  the  observation  of  the  eclipses  of 

nesses  with  each  other,  and  by  th us  ascer-  his  satellites  enables  us  to  do  this.    If 

taining  when  the  brightness  of  each  was  we  take  an  eclipse,  of  which  the  begin- 

•t  its  greatest  and  least  intensity,  he  ning  and  end  can  be  observed,  the  time 

Anally  arrived  at  the  same  conclusion  of  the  middle  of  the  eclipse  can  be  ascer- 

with  respect  to  all,  that  Maraldi  had  tained;   and    at  that  time  the  planet 

previously  deduced  for  the  fourth  satel-  would  be,  with  nearly  complete  accu- 

me— namely,  that  they  all  revolve  round  racy,  between  the  sun  and  the  satellite. 

an  axis,  and  that  the  time  of  rotation  of  The  line  joining  the  sun  and  Jupiter  is 

each  is  equal  to  its  periodic  time.  therefore  at  that  time  the  same  with  that 

Assuming  the  correctness  of  our  know-  joining  Jupiter  and  the  satellite.    Now 

ledge  of  the  motions  of  these  bodies,  we  the  position  of  the  line  joining  the  planet 

prm^eed  to  apply  it  to  the  ascertainment  and  satellite  may  be  ascertained  from 

of  two  very  important  facts — the  one  our  knowledge  of  the  motions  of  the  lat- 

purely  of  an  astronomical  nature,  the  ter,  the  position,  therefore,  of  the  line 

other  belonging  more  properly  to  the  joining  the  sun  and  Jupiter  may  be 

sotenee  of  optics,  but  ascertained  only  known.    That  of  the  line  joining  the  sun 

by  these  astronomical  researches,  and  of  and  earth  at  the  same  time  is  known 

the  hii^st  im{)ortance  also,  as  we  shall  also ;    and    hence  the   angle  between 

hereafter  see,  to  astronomical  science.  these  two  lines.     Again,  the  angle  of 

We  have  stated  in  the  table,  in  p.  122,  elongation  of  the  sun  and  Jupiter^  a& 

the  mean  distance  of  Jupiter  from  the  seea  from  the  earth  aX^  «ax&ft'\sa^MX^ 
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maybe  observed;  and  consequently  in  exactly  in  the  proportion  of  the  varia- 

the  triangle  formed  by  joining  the  sun,  tion  of  distance ;  and  as  it  is  found  to 

earth,  and  Jupiter,  two  angles,  and  of  be  so,  we  are  authorized  to  conclude 

course  the  third  are  known.    The  ratio,  that  the  reason  of  its  occurrence  is  that 

therefore,  of  the  sides  is  known;  and  a  certain  time  is  necessary  to  the  trans- 

the  distance  of  Jupiter  from  the  sun,  in  mission  of  light.  The  utmost  difference* 

terms  of  the  sun  s  distance  from  the  or  the  sum  of  the  extreme  acceleration, 

earth,  may  thus  be  ascertained.    In  the  and  the  extreme   retardation,    of  the 

same  manner  the  distance  of  Jupiter  eclipses  is  1 6"  26».     The  greatest  dis- 

from  the  earth  at  the  same  instant  may  tance  of  Jupiter  from  the  earth  is  the 

be  ascertained,  and  by  comparing  this  sum  of  his  distance  from  the  son,  and 

with  the  apparent  diameter,  the  real  the  sun*s  distance  from  the  earth ;  the 

diameter  of  Jupiter  may  be  ascertained  least  distance  of  Jupiter  from  the  earth 

also.    We  have  already  stated  it  to  be  is  the  difference  of  these  same  quanti- 

about  11   times  that  of  the  earth;  his  ties;  and  the  extreme  difference  between 

actual  mainiitude  of  course  exceeds  that  his  distances  from  the  earth  at  different 

of  the  earth  in  the  ratio  of  the  cubes  of  times  is  the  difference  between  these 

their  diameters,  or  of  11"  or  1331,  to  1.  values,  or  twice  the  sun's  distance  from 

When  the  motions  of  Jupiter  and  his  the  earth.    The  time,  therefore,  which 

satellites  were  sufficiently  ascertained  to  light  takes  to  traverse  this  distance  it 

enable  astronomers  to  predict  the  pe-  the  before-mentioned  period  of  16"*26'.» 

riods  of  their  eclipses,  a  singular  irre-  or  986' ;  and  as  the  sun's  distance  is 

gularity  was  founa  to  pervsde  the  ob-  about  93,726,900  miles,  or  its  double 

servations  of  them.    They  were  found  187,453,800  miles,  the  motion  of  l^ht  in 

to  occur  very  nearly  at  the  times  pre-  .„  ,     187,453,800        ,      .  ,  "    ^^^ 

dksted ;  but  not  accurately.    When  Ju-    1'  "^^^  be  — ^ or  about  190,000 

piter's  distance  from  the  earth  was  least,  miles. 

the  eclipses  occurred  rather  more  than  xhe  detail  given  of  the  motions  of 

8  minutes  before  the  computed  time ;  Jupiter's  satellites  and  the  mode  of  ob- 

when  greatest,  about  the  same  period  serving  them  will  sufficiently  explain 

after  it ;  and  at  all  intermediate  dis-  the  mode  of  proceeding  with  respect  to 

tances  the  variation  of  the    observed  the  remaining  planets.     As  they  are 

from  the  computed  lime  was  found  ac-  more  distant  from  the  earth,  the  ob- 

curately  to  correspond  with  the  varia-  servation  of  their  peculiar  appearances 

tion  of  the  actual  from  the  mean  dis-  jg  more  difficult,  and  our  knowledge  re- 

tance ;  the  observed  time  preceding  the  gpecting  them    more  imperfect     The 

computed  time,  whenever  the  distance  principles  of  investigation,  however. are 

of  Jupiter  from  the  earth  was  less  than  the  same.    Saturn  is  then  found  to  ha^ 

the  mean  distance,  and    folio wmg  it,  ggven  satellites,  moving  from  West  to 

whenever  it  was  greater.    It  is  evident.  East  around  the  planet,  in  orbits  neariy 

therefore,  that  this  variation  depends  on  circular*,    and   generally    inclined    at 

the  distance  of  Jupiter  from  the  earth,  angles  of  about  31<»  to  the  plane  of  the 

as  It  corresponds  accurately  with  this  ecliptic.    The  seventh,  or  most  distant 

element  at  all  times,  and  under  all  cir-  satellite,  however,  has  its  orbit  coin- 

cunnstances.    This  discovery  was  made  ciding  more  nearly  with  the  plane  of  the 

by  Roemer.  a  Danish  astronomer,  in  ecliptic.    The  mean  distances  of  these 

1674;  and  he  also  suggested  the  true  satellites  from  Saturn  are  respectively 

explanation.     It  clearly   appears  that  3.080,3.952,4.893,6.268.8.754,20.295, 

the  result  exactly  corresponds  with  that  59.154   times  the  planet's  radius ;  and 

which  would  take  place  if  the  appear-  their  periodic   times  .94271,    1.37024. 

ances  in  question  were  seen  at  different  1.88780,    2.73948.    4.51749.   15.94530, 

times  by  observers  at  different  distances  79.3296O  days,  values  which  again  cor- 

from  the  objects  observed,  and  later  as  respond  with  the  law  that  the  penodie 

the  distances  increased ;   or.  in  other  times  vary  as  the  square  root  of  the 

words,  (as  these  appearances  are  only  cube  of  the  axis  major.      In   each  of 

seen  by  the  eyes  receivinir.  or  ceasing  to  these  satellites,  also,  as  well  as  m  thoseof 

receive  light  from  the  object  observed.)  Jupiter,  the  areas  described  by  the  radias 

if  that  light  travelled  gradually,  instead  vector  are  proportional  to  the  time, 

of    being   propagated  instantaneously,  j^jj^e  the  satellites  of  Jupiter,  thcK 

from  the  object  to  the  observer.    If  this    

were  so,  and  the  rate  of  its  motion  uni-       .  ^».     .  .^  , ..      ,  ^v     .  m.     w 1. 

£.«».«     4k-  ....:»*:^ •      4-—            ij   L  •  The  orbit  of  Uie  sixth  ntelUtc,  bowtfv.lt 

K>rm,  the  variaton  in  tune  would  be  pcrcepubiy  eiiipucai* 
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htTe  no  ascertainable  apparent  dia-  which  encompasses  the  planet.  By  mi- 
meter.  The  sixth,  treating  the  satellite  nute  observation,  it  has  been  ascertained 
nearest  to  the  planet  as  the  first,  and  the  that  the  plane  of  this  rinje:  is  inclined  at 
most  distant  as  the  seventh  or  last,  is  an  angle  of  31^  32'  to  that  of  the  eclip- 
the  largest,  and  was  first  discovered.  It  tic,  and  that  it  exactly  corresponds  with 
was  first  observed  by  Huygens,  and  is  the  plane  of  the  equator  of  the  planet 
thence  called  the  Huygenian  satellite,  itself.  It  is  found  that  the  thickness  of 
It  is  seen  without  much  difficulty  in  a  the  ring  is  very  small,  probably  not 
common  telescope.  The  others  are  more  than  1000  miles,  while  its  outer 
more  difficult  of  observation  ;  the  first  diameter  is  about  200,000  miles,  (its  ap- 
and  second  were  never  discovered  till  parent  diameter  at  the  mean  distance  of 
Dr.  Herschel  ubserved  them;  the  others  Satiun  being  47 A/')  and  its  inner  dia- 
were  di^covervd  at  different  periods  be-  meter  about  161,000 ;  the  width  of  the 
tween  the  eras  of  Huygens  and  HerscheL  whole  ring  being,  therefore,  about  20,000 

Difficult,  however,  as  they  are  of  ob-  miles.     On   more  minute  observation, 

servation,  one  of  them,  the  seventh,  fur-  however,  it  is  found  that  the  ring  is  di- 

nishes  a  very  remarkable  result.     Its  vided  about  6700  miles  from  its  outer 

light,  whenever  it  is  to  the  east  of  Sa-  edge,  and  that  there  is  then  an  interval 

turn,  becomes  so  faint  that  the  satellite  of  about  3800  miles  in  width ;  so  that 

cannot  be  seen  without  great  difficulty,  it  really  consists  of  two  concentric  rings, 

much  exceeding  that  presented  at  other  an  outer  and  an  inner  one,  lyin^  in  the 

times.      As  in  the  case  of  the  satellites  same  plane.    It  has  even  been  supposed 

of  Jupiter,  this  cannot  proceed  from  from  some  faint  appearances  of  division 

any  phases  presented  by  the  satellite  to  on  its  surface,  that  it  consists  of  a  greater 

tbeearth;  it  must,  therefore,  depend  on  number    of    these    concentric     rings, 

lome  variation  of  its  surface.    We  are  These  minute  observations  are  princi- 

thus  enabled  to  conclude  that  this  satel-  pally  due  to  Dr.  Herschel,  who  has  also 

lite  has  a  motion  of  rotation  round  an  ascertained,  by  the  observation  of  some 

axis,  and  that  this  motion,  like  the  cor-  brilliant  points  on  its  surface,  that  it  has 

responding  motions  of  Jupiter's  satel-  a  motion  of  rotation  from  West  to  East 

litei.  is  porformed  in  its  periodic  time,  round  an  axis  perpendicular  to  its  plane. 

We  have  no  means  of  making  similar  and  passing  through  the  centre  of  Sa- 

observations  on  the  other  satellites ;  but  turn,  and  consequently  coinciding  with 

is  far  as  our  observations  go,  it  ap-  the  axis  of  rotation  of  Saturn  himself. 

pcan  to  be  a  fact  common  to  all  satel-  The  period  of  this  rotation  is  .437  of  a 

ittes,  that  they  do  revolve  on  an  axis,  day,  very  nearly  the  same  as  that  of  the 

and  ttiat  the  period  of  their  revolution  rotation  of  Saturn  himself.    A  more  re- 

n  the  same  with   their  periodic  time,  markable  observation  is  this,  that  the 

This  offers  a  remarkable  analotry,  and  period  of  rotation  of  the  ring,  is  that 

also  a  remarkable  contrast,  to  the  facts  which  would  be  the  period  of  rotation 

stated  in  the  table  in  page  122,  with  re-  of  a  satellite  whose  orbit  was  the  mean 

apect  to  the  planets ;  an  analogy  in  tlie  circumference  of  the  ring,  deducing  that 

existence  of  motions  of  rotation,  a  con-  period  from  those  of  the  actually  exist- 

trast  in  the  circumstance  that  the  pe-  mg  satellites,  according  to  the  law  that 

tiodof  rotation  appears  in  the  case  of  the  periodic  times  vary  as  the  square 

aatcllites  to  be  uniformly  the  same  with  root  of  the  cubes  of  the  distances. 
the  periodic  time,  while  in  the  case  of       The  plane  of  the  ring  being  inclined 

the  pUnets  it  evidently  is  unconnected  to  the  ecliptic,  and  the  earth  being  in 

with  it.  the  plane  of  the  ecliptic,  and  Saturn 

llie  most  remarkable  appearance  pre-  never  far  distant  from  it,  the  plane  of 

aented  by  Saturn  remains  to  be  de-  the  ring  can  never  be  perpendicular  to 

scribed.    Galileo  observed  that  Saturn  the  line  joining  Saturn  with  the  Earth. 

did  not  appear  spherical,  but  seemed  to  The  ring,  therefore,  will  always  be  seen 

have  two  small  bodies  adhering  to,  or  obliquely.    Now  a  circle,  when  viewed 

closely  accompanying  him  ;  not  moving  obliquely,  at  a  considerable  distance,  as- 

ronnd  him  like  satellites,  but  continuing,  sumes  to  the  eye  the  appearance  of  an 

it  least  for  a  considerable  period  of  ellipse,  an  ellipse  being  the  projection 

time,  to  hold  the  same  position  with  re-  of  a  circle ;  and  the  more  obliquely  the 

apcet  to  him.    Some  time  afterwards,  circle  is  presented  to  the  eye,  or  the 

when  the  construction  of  telescopes  was  smaller  the  angle  made  bj^  the  plane  of 

considerably    improved,  Huygens  dis-  the  circle  with  the  line  joining  the  eve 

covcnsd  that  these  were^not  separate  and  its  centre,  the  more  excentric  is  tne 

bodici.  but  the  two  aidea  cf  a  xing;  ellipse.   When  thii  bivftCf»&K»dL%«N«\\\i 
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the  pluie  of  the  urde,  the  circle  aa- 
fuiiKi  the  appearance  of  a  itraiftht 
lioe.  Now  as  the  centre  of  Ihe  esrlhis 
a  point  in  the  ecliptic,  it  may  evidently 
happen  that  the  common  section  of  the 
plane  of  the  ring  and  the  ecliptic,  which 
u  a  line  in  the  plane  of  the  ecliptic, 
may  pass  through  the  earth;  and  in 
this  caxe.  as  the  same  common  section 
is  a  line  in  the  plane  of  the  ring  also, 
the  circle,  which  fonns  the  ring,  vrould 
be  seen  as  a  straight  line.  When  this 
if  the  case,  the  edf^e  of  the  ring  only  is 
presented  to  llie  spectator,  and  as  that 
edge  a  comparatively  Tery  thin,  it  is  not 
of  sufficient  magnitude  to  be  visible 
except  by  telescopes  of  very  great  power. 
Herschel,  however,  succeeded  in  seeing 
it  even  under  these  circumstances,  and 
found  it,  as  it  would  naturally  appear, 
in  the  form  of  a  straight  line.  At  dif- 
ferent inclination!,  the  ellipse  would  of 
course  appear  of  different  width ;  but 
Ihe  inclination  never  much  exceeding 
30°,  the  minor  axis  of  the  ellipse  will 
never  be  more  than  about  half  the 
m^or.  These  appearances  may  be  ad- 
Tantageoualy  represented  by  figures,  of 
which  ^.  33  represents  Saturn  with 
Iff.  33. 


Ihe  ring  and  the  {duel,  through  wbiA 
stars  have  occaiionally  been  seen. 

Again,  the  sun  is  in  the  plane  of  the 
ecliptic ;  and  therefora,  on  Ihe  same 
principle  as  before,  the  common  leotion 
of  (he  rine  and  ecliptic  may  paM  Ibrongh 
it.  In  this  caie,  therefore,  the  rays  of 
the  sun  will  fall  only  on  the  edge  of  the 
ring.  When  they  do  so,  the  ring  is 
found  to  disappear  to  common  obser*v 
tion  ;  but  a  line  of  shadow,  correspond- 
ing with  the  position  of  its  plane,  ii 
found  crossing  the  disk  of  the  planet 
The  conclusion  is  obvioui,  that  both 
Batum  and  Iha  ring  shine  only  bf  re- 
flected light ;  for  the  ring  becomes  in- 
visible when  the  rays  of  the  sun  do  not 
fall  on  it,  which  it  would  not  do  if  it 
shone  by  its  own  light ;  and  Batum  is 
darkened  where  Ihe  rays  of  the  sun  are 
intercepted  &om  it,  which  alio  wouU 
not  be  the  case  if  it  wereitself  luminom. 
The  very  edge  of  the  ring,  howefer, 
which  in  this  case  would  receive  the  rati 
of  the  sun,  would  atill  he  illuminatea ; 
hut  as  in  the  case  when  Ihe  edge  only 
is  turned  to  us,  it  is  invisible,  except  with 
telescopes  of  very  great  power.  With 
these  Dr.  Henahel  succeeded  in  ob- 
serving it. 

Besides  these  disappearances,  how^ 
ever,  which  last  for  a  comparatively 
short  time,  there  are  others  of  more 
importance.  Injlf.  3S,  let  S  represent 
the  place  of  the  aun,  the  circle  da- 
scribed  about  it  the  orbit  of  Batum,  T? 
any  posiiion  of  Saturn,  and  A  Ij  B  (I 
hne  drawn  through  li )  the  intersection 
of  the  plane  of  the  ring  with  theidane 
of  the  ecliptic.  Let  XY  be  di^wn 
through  S.  parallel  to  A  IT  B,  and  meet- 
ing the  orbit  in  X  and  Y.  The  plans 
Fig.  35. 


his  rinir.  as  it  would  be  seen  perpendi- 
cularly to  its  plane,  and^.  34,  the  ap- 
pearance presented  to  Ihe  earth,  when 
the  ring  it  seen  nearly  at  the  greatest 
angle.  Under  these  circumstances, 
there  is  a  well-defined  space  between 


of  the  ring  is  always  perpendicular  Iff 
the  axis  of  the  planet ;  and  conse- 
quently, as  we  have  already  slated  that 
the  axis  of  the  planet  is  parallel  to  itself 
in  all  positioni,  the  plane  of  tbe  ting 
must  be  M  also,  md  comeqnaQttJr  tb« 
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Mf«nl  intwrfecstionf  of  thai  plane  with  tion  of  the  line  in  which  the  plane  of  the 

the  plane  of  the  ecliptic  will  always  be  ring  intersects  the  ecliptic ;  for  this  plane 

parallel.    When,  therefore,  the  planet  is  then  passes  through  the  earth,  and  the 

at  X  and  Y,  this  intersection  will  coin-  line  joining  Saturn  and  the  earth  is  the 

eide  with  the  lines  X  8,  Y  S,  joining  the  line  of  intersection  required.    This  line 

centre  of  the  ring  and  the  sun.    This,  always  moves  parallel  to  itself.    When, 

therefore,  must  happen  twice  in  each  therefore,  it  is  ascertained  by  observa- 

revolution  of  the  planet  round  the  sun ;  tion  that  the  edge  of  the  ring  is  pre- 

and  on  these  occasions  the  disappear-  sented  to  the  sun,  in  which  case  we  have 

ances  of  the  ring,  of  which  we  have  last  already  seen  that  this  line  of  intersec- 

spoken,  will  occur,  the  edge  of  the  ring  tion  must  pass  through  the  sun,  the  po- 

beini^  then    turned  towards    the    sun.  sition  of  this  line  is  known.  The  position 

Besides  this,  it  is  plain  that  one  skle  of  of  the  line  joining  the  earth  and  sun 

the  ring  will  be  turned  towards  the  sun  may  be  observed  at  the  same  period ; 

throughout  that  half  of  the  orbit  which  and    consequently  the   angle  between 

lies  from  X  through  1?  to  Y  ;  and  the  these  two  lines  known.  The  elongation, 

other  side,  throughout  the  remaining  also,  of  Saturn  from  the  sun,  as  seen  at 

half ;  and  consequently  that  the  oppo-  the  earth,  may  be  observed.     As  in  the 

site  sides  of  the  ring  will  be  illummed  case  of  Jupiter,  therefore,  we  know  the 

during  each  of  these  periods ;  and  that  angles  of  the  rectilineal  triangle  formed 

one  side  will  always  be  light,  and  the  by  lines  joining  the  sun,  the  earth,  and 

other  dark,   except    on  the  occasions  Saturn ;  and  we  can,  therefore,  ascer- 

when  the  edge  of  the  ring  only  is  pre-  tain  the  distances  of  Saturn  from  th^ 

sented  to  the  sun,  and  both  the  sides  are  Sun,  and  from  the  earth ;  and  from  the 

deprived  of  his  light  latter,  and  the  apparent  magnitude  at 

Now  the  earth  is  at  a  considerable  the  time,  we  can  ascertain  the  real  mag- 
distance  from  the  sun,  though  that  dis-  nitude.  As  in  the  case  of  Jupiter,  the 
tance  is  small  when  compared  with  its  results  so  obtained  correspond  with 
distance  from  Saturn.  It  may  easily,  those  deduced  from  the  law  of  the  pe- 
therefore,  happen  that  the  plane  of  the  riodic  times.  His  diameter  is  thus 
ring  passes  between  the  earth  and  the  ascertained  to  be  ten  times  that  of  the 
sun,  and  consequently  that  the  opposite  earth,  and  his  whole  bulk  of  course  to 
sides  ,of  the  ring  are  presented  to  those  exceed  that  of  the  earth  in  the  propop- 
bodies.  The  dark  side,  therefore,  will  tion  of  the  cube  of  10,  or  of  11)00  to  1. 
be  presented  to  the  earth,  and  the  ring  Uranus  is  so  distant  from  the  earth 
will,  on  that  account,  be  invisible.  The  that  there  is  little  opportunity  of  minute 
^ery  edge,  indeed,  of  the  ring  would  not  observation  concerning  him.  He  is, 
be  absolutely  turned  away  either  from  however,  ascertained  to  have  six  satel- 
the  sun  or  the  earth ;  it  would  therefore  lites  moving  in  orbits  nearly  circular, 
be  illumined,  and  this  illuminated  edge  and  with  periodic  times  corresponding 
might  be  visible;  and  here  again  Dr.  to  their  distances  according  to  the  usual 
Herschel,  with  the  assistance  of  his  very  law.  Their  mean  distances  are  respec- 
powerful  instruments,  has  succeeded  in  tively  13.120,  17.022,  19.845,  22.752, 
seeing  this  small  portion  of  the  ring,  45.507,  and  91.008  times  the  radius  of 
when  it  was  invisible  to  all  other  ob«  the  fdanet ;  and  their  periodic  times, 
servers.  Generally  speaking,  however,  5.8926,  8.7068,  10.9611,  18.4559, 
the  ring  may  be  considered  as  invisible  38.0750,  and  107.6944  days.  There  is 
during  this  period ;  and  Galileo  was  led  one  remarkable  difference  in  their  mo- 
for  a  time  to  doulk  the  correctness  of  tions  from  those  of  the  other  bodies 
his  discovery,  from  the  disappearance  of  which  we  have  considered.  Their  orbits 
the  ring  from  this  cause  after  he  had  for  are  very  neariy  perpendicular  to  the 
some  months  observed  it  Its  nature  ediptic ;  and  their  motion,  therefore, 
and  the  laws  of  its  motion  were  not  can  hardly  be  considered  from  West  to 
then  sufficiently  ascertained  to  enable  East,  agreeaUy  to  the  uniform  rule 
him  to  account  for  this  disappearance,  found  to  obtain  in  all  the  other  motions 
and  the  correctness  of  his  original  ob-  of  the  system.  These  satelUtes,  as  well 
serrations  appeared  doubtful,  until  the  as  the  planet  which  they  accompany, 
re-appearance  of  the'ring,  when  the  sun  were  all  discovered  by  Dr.  Herschel; 
and  earth  again  were  on  the  same  side  and  he  fVirther  suspected,  from  the  re- 
of  its  plane,  confirmed  them.  suit  of  his  observations,  that  the  planet 

The  observation  of  the  periods  when  was  swrounded  by  two  rings  perpendi- 

the  edge  of  the  ring  is  presented  to  the  cular  to  each  other.    This  fact«  if  esla- 

Mfftbt  aBahlM  us  to  detemiiDe  tbtdino-  bliiiied,iaaTeDittkab\%  iA4'««n  ^^^^^^^ 
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one;  but  it  cannot  tt  present  be  planet,  in  the  foent;  and  that  the  ndnis 
considered  as  at  aU  certain.  Ttiere  are  vector  of  the  revolving  body  describes 
no  means  of  ascertainins  his  distance  equal  areas  in  equal  times, 
and  actual  magnitude,  like  those  men-  Again,  we  have  reason  to  eondudc. 
tioned  in  the  case  of  Jupiter  and  Sa-  though  not  with  the  same  certainty,  thai 
turn ;  the  determination  of  these  ele-  all  the  bodies  of  the  solar  system  have 
ments  must,  therefore,  rest  on  the  ob-  motions  of  rotation  round  an  axis ;  the 
servation  of  his  periodic  time,  and  the  planets  in  times  which  do  not  apiiear  to 
law  by  which  the  distances  and  periodic  follow  any  particular  rule ;  the  satellites 
times  are  connected.  in  times  always  equal  to  the  periodic 
We  have  now  gone  through  a  state-  time  of  the  particular  satellite  round  its 
ment  of  the  motions  of  all  the  bodies  planet.  We  are  not,  indeed,  able  to 
which  are  commonly  considered  to  form  ascertain  these  facts  with  respect  to  all 
the  solar  system.  There  are,  indeed,  the  bodies  with  which  we  are  acquainted, 
other  l)odies  belonging  to  it  which  occa^  of  either  description ;  but  we  find  the 
sionally  appear  in  the  heavens,  and  ex-  case  to  be  so  with  respect  to  all  which 
cite  much  observation  and  curiosity  we  can  observe ;  and  it  is,  therefore,  a 
when  they  do  so,  which  are  known  by  natural  conjecture,  that  it  is  so  in  the 
the  name  of  comets.  Their  motions,  others  also,  as  they  |)resent  no  appear- 
however,  are  more  complicated  and  dif-  ances  inconsistent  with  the  kupposition. 
ficult  of  ascertainment,  and  cannot  well  We  should,  therefore,  be  inclined  to  con- 
be  explained  without  the  aid  of  some  jecture,  that  a  new  planet,  if  such  should 
theory  to  which  we  have  not,  up  to  the  hereafter  be  discovered  revolving  round 
present  period  of  this  treatise,  attained,  the  sun,  would  have  a  motion  of  rotatkm 
These  motions,  also,  are  not  suited  to  round  an  axis  ;  and  that,  if  it  were  ae- 
throw  much  light  on  certain  very  im-  companied  by  any  satellite,  this  satellite 
port  ant  considerations,  to  which  we  are  would  itself  revolve  round  an  axis»  and 
now  qualified  to  proceed  ;  it  will,  there-  that  its  times  of  rotation  on  its  axi^ 
fore,  be  most  convenient  to  postpone  and  of  revolution  round  the  planet,  would 
any  consideration  of  them  for  the  pre-  be  equal.  All  the  other  motions  of  the 
sent,  and  proceed  to  examine  the  results  solar  system  are  from  West  to  East; 
which  we  have  already  obtained ;  and  to  we  should,  therefore,  expect  that  these 
deduce  from  them  some  very  important  would  be  so  also, 
modifications,  or  rather  a  complete  re-  Now  we  have  already  stated,  that  the 
construction  of  a  great  part  of  our  sun's  periodic  time  is  exactly  equal  to 
whole  system  of  astronomy.  what  would,  in  the  supposition  of  the 

same  law  obtaining  at  that  distance,  be 

the  periodic  time  of  a  planet  revolving 

Chaptbr  V.  round  the  sun  in  an  orbit  of  which  the 

major  axis  was  equal  to  that  of  the  sun's 

Section  I.— Fir*/  idea  of  the  motion  of  otbii  round  the  earth.    If,  therefore,  for 

the  Earth,  an  instant  we  suppose  that  the  appear- 

ances  actually  observed  could  equally 
On  comparing  together  all  the  facts  well  be  explained  on  the  supposition  of 
which  we  have  ascertained  with  respect  the  earth  revolving  round  the  sun  at 
to  the  planeU  and  their  satellites,  we  that  distance  at  which  we  have  hitherto 
may  consider  certain  general  laws  to  be  considered  the  sun  to  revolve  round  the 
completely  established.  The  proportion  earth,  the  periodic  time  observed  woidd 
between  the  periodic  times  and  the  ma-  correspond  with  that  determined  by  the 
jor  axes  of  the  orbits  is  found  to  subsist,  general  law  regulating  the  duration  of 
both  with  respect  to  every  planet  in  its  such  revolutions, 
revolution  round  the  sun,  and  to  every  We  are  always  able  to  observe  the 
satellite  of  each  particular  planet  in  its  position  of  the  moon  with  respect  to  the 
revolution  round  that  planet.  Subsist-  earth,  and  the  supposition  we  are  pro- 
ing  thus,  at  distances  very  far  difierent  posing  would  not  be  fit  lor  adoption,  if 
from  each  other,  it  is  at  least  a  plausible  it  were  found  inconsistent  with  her  mo- 
conjecture  that  it  does  so  generally,  and,  tions.  But  if  it  be  not  so.  and  if  it  be 
consequently,  that  if  a  new  planet  or  also  true,  the  moon  would  evidently  be  a 
satellite  were  discovered,  its  motions  body  revolving  round  the  earth,  and  ac- 
would  follow  this  same  law.  The  same  companying  it  in  its  course  round  the 
rewRTk  will  apply  to  Kepler's  other  laws,  sun  ;  or  it  would  be  a  satellite  of  the 
iiaiiiey/,//iaffhese  revolutions  take  place  ewdVi.  V^^  %YiOMWLAh«tc(6re,  be  ledto 
ID  elhptic  orbit$  round  the  sun»  ox  the  «x:|^\»\)aiX^  ^^eMl^iailwMnk'wwft 
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•iieh  a  planet  and  satf llite,  Uiej  would  through  all  the  considerations  requisite 
€aeh  have  a  motion  of  rotation  from  to  the  discussion  of  this  subject,  is  this : 
West  to  East ;  and  that  the  motion  of  that  wherever  it  is  known  that  of  two 
rotation  of  the  moon  would  be  com-  bodies  one  revolves  round,  or  has  any 
pleted  in  the  time  of  its  revolution  round  motion  with  respect  to,  the  other,  their 
the  earth.  In  fact,  we  know  that  it  is  relative  motions  may  be  equally  well 
so ;  and  this  instance  of  correspondence,  explained,  whichever  of  the  two  we  sup- 
though  by  itself  it  furnishes  no  proof  of  pose  to  be  at  rest,  and  the  other  in 
the  truth  of  the  supposition,  leads  us  at  motion. 

least  to  consider  it  as  one  worth  invest  i-  The  simplest  case  is  that  of  two  bodies 
ffation.  The  motions  of  the  moon,  also,  only,  considered  without  reference  to 
both  of  revolution  and  rotation,  are  from  any  others,  and  on  the  supposition  that 
West  to  East,  like  those  of  the  other  the  motion  of  the  moving  body  takes 
planets  and  satellites.  place  in  a  plane ;  and  a  very  simple 
It  would  be  easy  at  once  to  point  out  diagram,  and  very  simple  considerations, 
some  arguments  which,  assuming  that  will  suffice  to  show  that  their  relative 
the  supposition  is  not  inconsistent  with  motions,  whatever  they  be,  may  be 
the  appearances  observed,  would  induce  equally  well  explained,  whichever  we 
us  to  consider  it  the  true  one ;  but  as  no  consider  to  be  at  rest.  Of  course,  when 
probabilities  of  this  kind  could  warrant  two  bodies  only  are  concerned,  their 
us  in  adopting  the  supposition,  if  it  failed  relative  motions  will  be  the  same  on  dif- 
to  correspond  with  these  appearances,  ferent  suppositions,  if  their  distances 
the  preferable  order  will  be  nrst  to  ex-  from,  and  directions  with  respect  to  each 
amine  whether  it  is  capable  of  explain-  other,  are  the  same  on  each ;  we  are  not 
ing  them.  If  it  proves  so,  it  will  then  be  concerned  with  their  actual  positions  in 
time  to  consider  whether  it  furnishes  a  space.  Let  then  A  and  B  mflg.  36,  re- 
more  probable  explanation  of  them  than  p.  »g 
the  supposition  wiiich  we  have  hitherto  ^' 

adopted,   and  which  observation  origi-     ^ ^^ 

nally  leads  us  to,  namely,  that  the  earth 
is  at  rest,  and  that  all  the  heavenlv 
bodies  revolve  about  it.  We  proceed, 
therefore,  first  to  investigate  the  effects 
which  might  be  produced  by  the  rotation 
of  the  earth  round  an  axis,  and  its  revo- 
lution round  the  sun,  supposing  these  to 
exist  We  shall  find  that  they  correspond 
with  the  appearances  actually  presented. 
It  is,  however,  a  plausible  objection,  that 
these  motions  cannot  exist,  for  that,  if 
they  did,  we  should  be  sensible  of  thenL 

Our  next  object,  therefore,  will  be  to  present  any  two  bodies  whatever,  and 

consider  and  remove  this  objection,  and  let  us  first  suppose  B  at  rest,  and  A  to 

we  shall,  then,  examine  the  probabilities  move  through  any  hue  A  a,  either  curved 

which  there  are  in  favour  of  the  sup-  or  straight,  and  drawn  in  any  direction 

position  of  the  earths  motion ;    and,  whatsoever.    Draw  B  £  a  hne  in  any 

flnnlly,  point  out  one  particular  pheno-  given   direction    whatever,  as,  for  in- 

menon  which  can  only  be  explained  on  stance.  Eastward,  in  the  plane  passing 

that  supposition,  and  which,  therefore,  through  A  a  B  ;  then  the  relative  posi- 

seems  almost  exclusively  to  demonstrate  tions  of  the  two  bodies  at  the  beginning 

its  truth.    This  is  the  phenomenon  of  the  ^nd  end  of  the  motion  will  be  ascer- 

aberrationof  the  fixed  stars:  ithasl)een  tained  by  the  distances  AB,  a  B,  and 

mentioned  before,  but  its  explanation  the  angles  ABE,  a  BE,  respectively. 

deferred.  I^t  B  6  be  a  curve  equal  and  similar  to 

«              TT      r.    .-.      ^  ^r  ^^*  *"^  situated  in  the  same  manner 

Section  W.'-IdenMy  of  the  appear-  with  respect  to  the  Une  AB,  that  the 

anceton  the  suppositton  that  the  Sun  curve  A  a  is  with  respect  to  the  line 

mid  Heavens  are  at  rest,   and  the  B  A ;  the  relative  position  of  the  two 

Earth  describes  an  orbit  round  the  bodies  wiU  be  the  same  if  A  be  supposed 

Sun,  and  revolves  on  an  axis  with  at  rest,  and  B  to  move  ttom^  Vq  bAW\. 

those  actually  observed.  it  was  on  the  former  auvvoaVCioxv-   Tq 

Tu  general  phiidiz2e  w/iiciiiriU  lead  ui  show  tlus,kt  Abbe^ovaoa^axiii  blL>»a 
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drawn  panllel  to  BE;  dE,  therefore,  to  East.  In  thefigora  as  drawn,  Aa 
is  in  the  same  direction  as  B  £.  Now  representing^  the  motion  of  the  sttn»  is  a 
A  B  a,  B  A  6,  are  equal  and  similar  motion  from  West  to  East ;  the  angk 
fifiTures;  the  corresponding  sides  and  A  B  a,  therefore,  is  an  ang^e  measured 
anfiCles,  therefore,  are  equal,  or  A6=  Bo,  in  that  direction.  If  the  hnes  AB,aB, 
and  the  anB:le  B  A6=the  an^le  A  B  a.  be  continued  by  the  two  dotted  lines,  it 
Hence  A  6  and  Ba  are  parallel,  and  bK  is  obvious  that  the  radius  vector  B  A, 
B  E  are  parallel  also ;  the  angles  A  6  E,  by  continuing  its  motion  in  the  same 
a  B  £,  contained  between  these  pairs  of  direction,  will  successively  coincide  with 
parallel  lines,  are,  therefore,  equal  also,  each  of  the  two  dotted  lines,  and  describe 
but  b  A  measures  the  distance  of  A  from  the  angle  between  them.  But  this  angle 
b,  and  A6E  its  direction  with  respect  is  equal  to  the  angle  BA6,  described 
to  it  estimated  in  the  same  manner  as  by  the  radius  vector  A  B,  on  the  sup- 
the  direction  of  a  with  respect  to  B ;  position  of  the  earth's  motion  j  for  the 
these,  therefore,  are  the  same  on  the  dotted  lines  are  parallel  to  the  hnes  BA, 
supposition  of  B*s  motion,  that  the^  A  6,  which  contain  it.  The  angle  BAA, 
were  on  that  of  A*s ;  or  the  relative  posi-  therefore,  corresponds  in  magnitude  and 
tion  is  the  same  on  each  supposition,  direction  with  that  between  the  dotted 
Again,  the  figures  A  B  a,  B  A  6,  are  lines,  and  it  is,  therefore,  described  like 
equal  and  similar,  and,  of  course,  their  that  an^le,  by  a  motion  from  West  to 
areas  are  equal  also ;  and  if  any  similar  East.  The  angular  direction  of  the  mo- 
portions  of  these  areas  A  B  a;,  B  A  y,  be  tion,  therefore,  is  the  same,  although 
cut  oft',  these,  also,  in  the  same  manner  the  linear  direction  is  opposite, 
will  be  equal  to  each  other.  It  is  evident  We  see,  then,  that  tne  earth  may  be 
that  these  conclusions  are  entirely  inde-  supposed  to  have  a  motion  round  the 
pendent  of  the  particular  figure  assigned  sun,  which  would  make  their  relative 
to  the  curve  described.  situations  always  the  same  that  they  are 

The  curve  apparently  described  by  observed  to  be ;  that  this  motion  woukl 

the  sun  is  an  ellipse,  of  which  the  earth  be  from  West  to  East,  like  those  of  the 

is  in  the  focus.    Their  relative  positions,  other  planets,  and  that  the  earth  on  this 

then,  will  be  the  same,  if  the  earth  de-  supposition  would  follow  all  Kepler's 

scribes  a  similar  ellipse  round  the  sun.  laws  of  planetary  motion,  having  her 

All  the  lines  drawn  from  the  different  orbit  an  ellipse  round  the  sun  m  the 

points  in  this  ellipse  to  the  sun  will  be  focus,  the  areas  described  by  the  radius 

equal  to  those  drawn  to  the  earth  from  vector  proportional  to  the  time,  and  the 

the  correspondinj?  points  in  the  ellipse  periodic  time  bearing  to  that  of  all  other 

supposed  to   be  described  by  the  sun.  planets  the  ratio  of  the  square  root  of 

The  angles  between  these  corresponding  the  cube  of  their  respective  major  axes. 

lines  will  be  equal  also ;  and,  cunse-  We  observe,  however,  the  situation  of 

quently,  the  sun  will  occupy  exactly  the  the  moon,  the  planets,  and  the  fixed 

same  position  with  respect  to  the  ellipse  stars,  as  well  as  that  of  the  sun.    We 

supposed  to  be  described  by  the  earth,  proceed,  therefore,  to  examine  whethn' 

that  the  earth  does  with  respect  to  that  these,  also,  are  consistent  with  the  same 

apparently  described  by  the  sun  ;  or  it  supposition, 

would  be  in  the  focus.  In  the  case  of  the  moon  there  ii  no 

Supposing  the  earth  thus  to  move,  difficulty.  We  have  ascertained  nothing 
her  radius  vector  would  describe  equal  with  respect  to  its  motions,  exce])t  that 
areas  in  equal  times,  or  areas  always  it  is  always  in  a  certain  position  with  re- 
proportional  to  the  time ;  for  the  areas  spect  to  the  earth.  If,  therefore,  the 
described  by  the  radius  vector  of  the  earth  moves,  the  moon  must  partake  of 
earth,  (as  the  small  area  B  Ay,  or  the  its  motion,  besides  having  a  motion  of 
large  one  B  A  ^,  supposing  B  to  repre-  her  own  round  the  earth.  This  motion 
sent  the  earth,  and  A  the  sun,)  are  round  the  earth  is  all  wliich  observers 
always  equal  to  the  area  described  by  on  the  earth  perceive ;  but  the  actiMl 
the  ituiius  vector  of  the  sun  (as  the  small  motion  performed  by  the  moon  in  at>so- 
area  A  B  j:,  or  the  large  one  A  B  a),  lute  space  will  be,  on  this  supposition,  a 
These  latter  areas,  however,  we  have  seen  curve  of  a  very  complicated  nature. 
to  follow  the  law  of  Kepler;  those  de-  There  is,  however,  nothing  improbable  in 
scribed  by  the  radius  vector  of  the  earth,  this  result.  It  takes  place  in  the  case  of 
therefore,  will  follow  it  also.  all  other  satellites,  and  very  simple  in- 

The  motion  of  the  earth,  on  the  sup-  stances  may  be  adduced  to  show  the 

position  thus  made,  will  be  IromWesl  msAn«ESxi>iiV\(;;>^\!cy»ft  different  motions 
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«r  th«  iMon  raniid  tha  eiitb.  ftnd  of  the  of  the  esrih'i  motioii  will  «pp1;  to  the 

M^h  round  the  tnn,  may  be  oomUned  obiemtion*    of  the  motions  of    the 

If,  Ibr  instance,  we  unppoBe  the  wheel  of  planeti, require!  somer^ther  more  com- 

K  earrisgc  to  h»Te  liiminDm  point!  fixed  plicated  examination, 
on  it,  and  theoerriage  to  bedriven  on  a 

iuk  nicht.  a  ipeciator  atanding  atill  rig.  37. 
mig^t  oDser*e  the  path  of  the  lumlnoua 
point*.  If  thev  were  on  the  eige  of  the 
wheel,  the  path  would  be  ■  cyeloid,  if 
nemrer  ila  ecntre,  a  Iroohoid.  Theee 
paths  described  m  absolute  ipaee  have 
ft  reKRiblsnce  to  a  drele.  We  know, 
howeter,  that  the  point  in  alwayi  at  the 
■une  dialance  from  the  eentre  of  the 
wheel,  and,  therefore,  that  they  are  ac- 
tnallf  described  by  the  combination  of 
two  motions,  that  of  the  point  round  the 
centre,  and  of  the  centre  itself  along  tha 
mad.  We  might,  from  mere  oalcutation, 
uoertain  from  the  observed  path  of  tha 
hminous  point  (hat  it  mieht  be  detoribed 

bj  a eomhinatbn  of  such  molioni )  and  In/Iir.  37,  let  8  represent  theposition 

we  do,  in  fact,  make  a  similar  oalcuhition  of  the  Sun  at  any  given  lime,  £  that  of 

in  awertaining  the  orbit  of  the  satellite  earth,  and  M  that  of  any  planet,  which 

of  a  distant  planet,  when  we  observe  the  we  will  suppose,  for  the  present,  to 

flrbit  in  absolute  space ;  having,  how-  move  in  the  plane  of  the  ecliptic    A 

CTcr,  this  advantage,  that  we  tee,  also,  curve,  therefore,  drawn  in  the  plane 

the  planet  itself,  the  centre  ronnd  which  passing  through  8,  M,  and  E,  will  repre- 

one  of  its  motions  is  performed,  and  the  sent  the  orbit  of  the  planet,  and  another 

■nn  round  which  the  satellite  itaelf,with  curve  drawn  in  (he  same  plane,  the  orbit 

Ita  planet,  perform*  the  other,  and  ar*  of  (he  sun,  if  that  Inminar]'  be  supposed 

thus  led  at  once  to  refer  Its  motions  to  to  move  round  the  earth.     Lei  S  f  re- 

their  right  eentres.    In  the  case  of  the  present  a  portion  of  the  Sun's  orbit,  and 

moon,  when  we  are  oorselves  at  the  let  M  N  be  the  portion  of  the  planet's 

centre  of  one  of  it*  motion*,  a  different  wbit  described  round  the  sun  in  the 

lUustralion  will  lerve  us  best.    Evtrf  same  time.    From  the  point  «,  draw  (Z 

one  who  has  walked  out  in  summer  has  parallel  to  8  E,  and  make  Ihe  angle* 

observed  insects  boning  about  his  head,  Zgm,  Z*n,  equal  to  ESM,  ESN,  re- 

and  fljiiw  round  and  round  it,  aceom-  ipecliTely.    Anddrawmn  acurvesimi- 

ptnjing  him  wherever  he  goe*.    The  larandeqnaltoMN.    Then  it  is  evident 

only  motion  which  he  at  first  observes  that  the  points  m,  n,  are  situated  with 

!•  this  circular  motion atx)ut  him;  for  It  respect  to  «,  just  as  M,  N,  are  with  re- 

i>  the  only  change  of  their  relativt  posi-  tpect  to  8,  for  Ihey  are  at  the  same  dit- 

tion.    It  IS,  however,  evident,  that  their  tances  from  it,  and  their  directions  are 

actual  motion  is  not  circular,  for  if  it  equally  inclined  to  line*  t  Z,  8  E,  drawn 

were,  Ihey  would  return  to  the  same  in  Ihe  same  direction  from  ihe  respective 

point  of  space,  while  he  would  have  points  (,  S.    But  the  planet  was  at  M 

Sitted  it;  they  necessarily,  therefore,  when  the  sun  whs  at  S,  and  would  de- 
low  him  in  all  his  motions,  and  yax-  scribe  an  arc  M  N,  while  the  sun  moved 
Uke  of  them,  beside*  having  a  motion  from  8  to  #,  the  point  n,  therefore,  re- 
round  him.  Just  the  same,  on  the  sup-  preaent*  the  planet's  situation  afler  the 
pocttioB  of  the  earth's  motion  round  the  sun  has  moved  from  8  to  s.  Let  us 
ran.  would  be  the  motion  of  the  moon ;  now  suppose  the  earth  lo  move  round 
the  only  difference  it,  tb«t  we  are  not  Ihe  sun,  in  the  same  manner  as  we  t)e- 
cMtteious  of  the  motion  of  thcearth,  we  fore  supposed  the  sun  to  more  round 
an  of  our  own;  in  one  ease,  we  are  slow  the  earth,  end  of  course,  a  curve  de- 
to  believe  the  supposition;  in  the  other,  scribed  in  the  plane  of  8MNE  will 
we  are  aware  of  the  fact.  But  the  mo-  represent  the  orbit  of  the  earth  ;  and  if 
tioniseinilar  in  each  case,  and  there  is  we  make  the  anele  E  S«=S  E«,  uiA, 
■ornd  difficulty  in  the  one,  which  does  the  curve  Ee  sim\\&T  \ot^*,Kw&^\\\),it\.«& 
not  equally  apply  to  the  other.  with  reapect  to  ES,  »s  Sa  nvWYvi^ 
TbmmtMBieiBWlMitkfapfaniioa,  qieot  to  SE,  \b«  «vtrt«'&e'M''&  tvs!i«- 
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sent  an  orbit  of  the  earth,  which  will  eqaal  also ;  for  it  if  the  hypothenuae  of 

make  the  relative  situations  of  the  earth  equal  right-angled  trian^es:  and  tha 

and  sun  the  same  as  they  would  be  if  direction  of  the  lines  joining  the  cazth 

the  sun  were  supposed  to  move.    On  and  planet  beini^  the  same,  the  Tectors 

supposition,  therefore,  of  the  sun*s  mo-  passmg  through  these  hnes  perpendir 

tion,  the  respective  places  of  the  sun,  cular  to  the  ecliptic  will  be  puraliel,  or 

earth,  and  planet,  at  the  end  of  the  run  in  the  same  direction;  and  thus 

given  time,  would  be  «,£,n,  the  planet's  the  longitude  also  will  be  the  tame. 

distance  from  the  earth,  n£,  and  its  In  this  case  also,  then,  the  latitude 

elongation  nEs:  on  the  supposition  of  and  longitude,  and  the  actual  distance 

the  earth's  motion  round  the  sun,  the  being  aU  the  same;  all  the  appearances 

places  would  be  S,  e,  N,  the  distance  of  planetary  motion  will  be  esnctly  the 

N  e,  and  the  elongation  N  eS,  same  on  the  supposition  of  the  earth's 

Now,  «  E  =  S  e,  for  S  £  «,  £  S  e,  are  motion,  that  they  are  on  that  of  the  sun^s. 

equal  and  similar  figures.  ,  Finally,  the  identity  of  these  appear- 

And  «n  =  SN,  for  m^n,' MSN,  are  ances    has  been  ascertained  only  by 

equal  and  similar  figures.  showing  that  the  actual  distances  are 

The  included  angles,  also,  £  « ft,  «SN,  the  same,  and  the  angles  made  with 

are  equal,  for  E  s  n  =  Ztn—ZtE  =  certain  lines  drawn  in  fixed  directions» 

£SN-£Se=(?SN,  and  therefore  parallel  to  each  other, 

the  two  triangles,  therefore,  are  equal  in  the  same  on  each  supposition.    The  po- 

every  respect,  and  £n=eN,  and  nEs  sition,  however,  of  the  sun  and  planels 

sN^S.    The  distances,  therefore,  of  is  observed  with  respect  to  the  fixed 

the  planet  from  the  earth  are  the  same  stars  also ;  and  if,  therefore,  these  pa- 

on  the  two  suppositions ;  and  so  are  its  rallel  lines  would  point  to  observably  ctf- 

elongations  from  the  sun.    But  the  ap-  ferent  points  in  the  heavens,  when  drawn 

parent  position  of  the  sun  itself  is  the  from  different  situations  of  the  earth  on 

same  on  each  supposition ;  and  conse-  the  supposition  of  its  motion,  the  sitn- 

quently  the  apparent  position  of  a  point  ations  of  the  sun  and  planets,  being  the 

at  the  same  elongation  from  him  is  the  same  with  respect  to  these  points,  would 

same,  if  its  distance  is  equal  in  each  be  observably  diffierent  with  regard  to 

case.     The   apparent   position  of  the  the  heavens  in  general.     If,  however, 

planet,  therefore,  is  so ;  and  all  the  ap-  the  sphere  of  the  heavens  be  considered 

pearances  of  the  planetary  motion  will  as  immeasurably  distant,  the  interval 

be  exactly  the  same  on  the  one  suppo-  between  the  points  where  these  parallels 

sition  that  they  are  on  the  other.  met  them,  being  always  equal  to  the 

As  yet  we  have  only  considered  the  distance  of  the  situations  dt  the  earth 
case  of  a  planet  moving  in  the  plane  of  from  which  they  are  drawn,  would  ba- 
the ecliptic  It  is,  however,  obvious  come,  notwithstanding  the  great  ma^^- 
that  the  same  conclusions  will  apply  nitude  of  this  distance,  too  smidL  m 
also  to  the  case  of  a  body  which  moves  comparison,  to  be  at  all  observable; 
out  of  that  plane.  If  from  every  point  just  as  we  have  already  seen,  that,  in 
of  the  orbit  perpendiculars  be  let  fall  on  fact,  the  distance  of  any  two  points  on 
the  plane  of  the  ecliptic,  they  will  trace  the  earth's  surface  is  too  small  to  pro- 
out  a  certain  curve  on  that  plane ;  and  duce  any  distinction  between  the  reliUive 
this  curve,  wherever  it  is  situated,  will  positions  of  the  fixed  stars  aa  seen  at 
always  be  similar  and  equal  to  itself;  them.  There  is,  therefore,  no  impossi- 
and,  consequently,  as  in  the  former  case,  bility  which,  on  this  account,  attaches 
each  point  of  this  curve  so  constructed  to  the  supposition  of  the  motion  of  the 
will  be  at  the  same  oistance,  and  in  the  earth ;  for  any  difficulty  which  would 
same  direction  with  respect  to  the  earth,  arise  may  be  removed  by  increasing  the 
on  either  of  the  suppositions  in  ques-  distance  at  which  we  conceive  the  fixed 
tion.  The  distance  of  these  points  from  stars  to  be  placed  from  us.  \Ve  shall 
the  earth  being  equal  on  each  suppo-  hereafter  consider  the  probability  of  this 
sition,  and  the  actual  perpendicular  dis-  supposition.  For  the  present,  it  is  suf- 
tance  of  the  planet  from  t tie  plane  of  the  ficient  to  have  shown  that,  if  admissible, 
ecliptic  being  the  same  in  each  case,  the  it  would  obviate  the  only  remaining 
angle  subtended  at  the  earth  by  this  difficulty;  and,  consequently,  that  the 
perpendicular  distance,  or  the  planet's  supposition  of  the  earth's  revolving 
apparent  distance  from  the  ecliptic,  round  the  sun  is  consistent  with  all  our 
that  iSf  bis  latitude,  is  the  same  on  each  observations  of  the  apparent  motions  of 
suppot/itioD,  and  his  actual  distance  is  \h«  a>in,  m<>oi\«  aaii  \&iUM^  and  Ibe 
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lunar  and  planetanr  theory  deduced  will  be  an  hour  for  every  15^  of  rig:ht 
therefrom.  We  conclude,  therefore,  that  ascension.  The  intersection  of  this  roe- 
the  earth  may  be  a  planet,  subject  to  ridian  with  the  earth*s  surface  will 
the  same  laws  as  the  others.  But  if  always  at  each  place  be  the  same:  all 
the  earth  he  a  planet,  we  should  con-  observations,  therefore,  made  there,  and 
jecture  that  it  would  have  a  motion  of  referred  to  this  intersection,  will  be  con- 
rotation  upon  an  axis,  and  that  this  sistent  with  each  other.  If  we  suppose 
motion  would  take  place  from  West  to  the  earth  to  be  a  solid  of  revolution. 
Bast  We  proceed,  therefore,  to  in-  that  is  to  say,  that  any  section  perpen- 
qaire  what  would  be  the  apparent  effect  dicular  to  the  axis  is  always  a  circle :  a 
produced  by  such  a  motion.  plane  passing  through  the  axis  and 
Let  us,  then,  suppose  the  earth  to  any  point  on  the  earth's  surface  will  be 
revolve  round  an  axis  passing  through  perpendicular  to  the  plane  touching  the 
its  centre.  The  centre  of  the  earth  earth  at  that  point,  or  to  the  horizon  at 
being  supposed  to  coincide  with  that  of  that  place ;  and  it  will  therefore  coincide 
the  sphere  of  the  heavens,  the  axis  will  with  the  plane  of  the  meridian  of  the 
be  a  diameter  of  the  sphere,  and  any  place.  The  meridian  of  the  place,  there- 
plane  passing  through  it  will  intersect  fore,  will  travel  Eastward  at  the  same 
that  sphere  in  a  great  circle.  The  poles  rate  of  15°  in  an  hour ;  and  if,  while  it 
of  the  heavens  are  at  the  extremities  of  really  did  so,  we  were  to  suppose  it  fixed, 
a  diameter  of  the  sphere.  Let  us  sup-  and  instead  of  observing  its  motions  with 
pose  the  axis  of  rotation  of  the  earth  to  respect  to  the  stars,  observe  the  po- 
coincide  with  this  diameter;  and  every  sitions  of  the  stars  with  respect  to  it,  we 
great  circle  made  by  the  intersection  of  should  find  that  the  stars  which  were  on 
any  plane  passing  through  this  axis  with  it  at  one  instant  were  to  the  West  of  it 
the  heavens  will  pass  through  the  poles  at  the  next,  it  having  really  moved  to 
of  the  heavens ;  or  it  will  be  a  meridian^  the  East  of  them ;  and  they  would  there- 
Let  us  now  suppose  this  plane  to  move  fore  appear  to  have  moved  from  East  to 
from  West  to  East,  and  in  every  po«  West,  exactly  at  the  same  rate  as  the 
sition  its  intersection  with  the  heavens  meridian  really  moved  from  West  to 
will  still  be  a  meridian,  but  a  meridian  East,  or  15°  in  a  sidereal  hour, 
continually  more  to  the  East  than  be-  These  are  exactly  the  appearances  de* 
fore.  If,  therefore,  it  coincided  at  one  scribed  in  the  former  part  of  this  trea- 
hour  with  the  meridian  of  certain  stars,  tise  as  occurring  during  a  sidereal  day. 
It  will  coincide  an  hour  af^er  with  the  We  come,  therefore,  to  this  conclusion 
meridian  of  certain  stars  more  to  the  — that  the  diurnal  appearances  of  the 
Sast ;  and  which,  therefore,  at  the  former  heavens  may  be  explained  on  the  sup- 
olMervation,  were  to  the  East  of  the  position  that  the  heavens  are  at  rest, 
then  intersection.  Again,  if  the  motion  and  that  the  earth  moves  from  West  to 
of  this  plane  be  uniform,  its  approach  East  in  twenty-four  sidereal  hours,  round 
to  these  stars  will  be  uniform  also ;  and  an  axis  coinciding  with  the  line  drawn 
as  the  ani(le  between  two  great  circles  from  the  centre  of  the  earth  to  the  poles 
of  a  sphere  is  the  same  as  the  angle  of  the  heavens.  We  have  already  seen 
made  by  their  planes  at  their  inter-  that  the  peculiar  motions  of  the  sun, 
section;  if  we  suppose  the  plane  to  moon,  and  planets  are  consistent  with 
move  from  West  to  East  at  a  certain  the  supposition,  that  the  sun  also  is  at 
rate,  as  15°  an  hour,  its  intersection  with  rest,  and  that  the  earth  moves  round 
the  heavens  will  coincide  from  time  to  him. 

time  with  meridians  distant  by  corre-  If  the  earth  has  such  a  motion  as  that 

sponding  arcs;  or  distant  by  15°  for  now  ascribed  to  it,  the  circle,  the  plane 

each  hour  of  the  motion.    If,  therefore,  of  which  passes  through    its    centre, 

we  suppose  the  earth  to  revolve  uni-  and  is  perpendicular  to  its  axis,  will  be 

formly   round  its  axis  in  twenty-four  its  eqiuUor,  according  to  the  use  pre- 

sidereal  hours,  the  intersection  of  any  viously  made  of  this  term.     We  will, 

such  plane  will,  in  the  course  of  these  therefore,  use  this  term  for  speaking  of 

twenty- fours,  have  coincided  with  every  that  circle,  although  without  at  present 

meridian ;  and  the  motion  having  been  affirming  the  actual  existence  of  such  a 

uniform,  the  time  elapsed  in  passing  motion  of  rotation,  and  therefore  only 

from  one  meridian  to  another  will  be  considering  the  axis  as  that  diameter 

in  the  proportion  of  the  angular  dis-  which,  when  produced,  ^aa^^a  \.Vv\q>\<^ 

tances  oetween  these  meridians,  or  of  the  poles  o(  the  heaveua. 
the  differences  of  right  ascensioog  and 
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Section  llL'^ObJedions  to  the  sujh  that  we  ftM  OotMhvt  ill  motion;  and 

position  of  the  Earth* s  motion  re*  thii  eonidotunieu  u  produced  in  sereral 

moved.  distinct  wi^ ;  by  ourtelfes  performing 

■ome  functions  which  proauee  it  as 

The  circumference  of  a  great  circle  of  walking  or  running ;  by  bang  carried 

the  earth,  considerini^  that  body  as  sphe-  hy  some  body  or  machine,  of  which  we 

rical,  is  about  25,000  miles.    If,  there-  either  see  the  action  which  produees 

fore,  the  earth  revolves  on  an  axis  in  the  motion,  as  in  riding  on  horseback, 

24  sidereal  hours,  a  point  at  the  equator  or  being  drawn  in  a  carriage,  or  else 

will  be  transferred  through  25,000  miles  know  from  other  sources  that  the  mo« 

in  that  time,  or  it  will  move  at  the  rate  tion  must  be  in  ourselvM,  as  in  sailing 

of  more  than  1000  miles  in  an  hour,  or  in  a  vessel  in  a  high  wind;  by  the  in* 

about  17}  miles  in  a  minute.    The  rate  equalitiei  of  the  motion,  even  when  we 

of  motion  of  .points  situated  elsewhere  do  not  observe  the  manner  in  which  it 

will  fall  short  of  this,  in  the  proportion  is  perfbrmed,  as  in  driving  in  a  cairiage 

of  the  respective  magnitudes  of  the  cir-  over  a  rough  road,  or  m  sailing  on  a 

cles  which  they  describe.  troubled  sea ;  by  the  sensation  of  pess- 

Ai^ain,  supposing  the  orbit  of  the  ing  rapidly  through  the  air,  when  we  tee 
eartli  to  be  circular,  and  its  radius  the  leaves  and  eva7  light  body  at  rest, 
93,726,900  miles,  (which  is  about  the  and  Uierefore  know  that  the  sensation 
mean  distance,  and  the  excentricity  of  we  perceive  cannot  arise  from  wind 
the  orbit  will  make  very  little  difference  blowing  upon  ourselves  at  resL  There 
in  the  result,)  the  length  of  the  orbit  seems  to  be  no  evidence  of  actual  mo- 
will  be  588,902,993  miles,  which  being  tion  which  may  not  l)e  referred  to  one  of 
described  in  a  year,  will  make  the  ave-  these  classes.  The  last  cannot  potnbly 
rage  velocity  of  the  earth  in  its  orbit  apply  to  the  motion  of  the  earth,  if  we 
nearly  1 9  miles  in  a  second.  suppose  the   atmosphere   to    paitake 

Of  these  motions,  if  they  exist,  we  equally  of  that  motion ;  for  then  the 

are  altogether  unconscious ;  and  it  is  a  motions  being  equal,  an  observer  and 

very  plausible  objection  to  the  suppo-  the  air  about  nim  would  continue  in  tiie 

sition  of  the  earth's  possessing  tnem  same  relative  position,  or  be  relatively 

that  we  are  so.    They  are  motions  far  at  rest ;  just  as  a  traveller  moving  in 

more  rapid,  especially  that  of  the  earth  the  same  direction  and  at  tlie  same- rate 

in  its  orbit,  than  any  which  are  the  sub-  as  the  wind,  or  shut   up  in  a  dose 

jeets  of  our  common  observations  ;  and  carriage,  and  thus  taking  his  atmosphere 

knowing  by  experience  the  violent  effects  along  with  him,  is  unconscious  that  the 

of  all  rapid  motions  observed  round  the  air  is  not  perfectly  calm.    It  is  obvious, 

earth,  it  is  difficult  to  conceive  that  such  also,  that  we  cannot  disprove  the  eanh*t 

motions  as  these,  in  which  we  ourselves  motion,  from  our  inability  to  observe  or 

partake,  can  possibly  elude  our  observe-  explain  the  exact  manner  of  its  pro- 

tion.  duction;  for  although  such  actual  ot>- 

To  discover  whether  there  is  really  servation  or  discovery  would  prove  ite 

any  improbability  in  this  supposition,  it  existence,  the  want  of  it  can  never  dia- 

is  necessary  to  consider  in  what  manner  prove  it.      If,  however,  a  certun  in* 

it  is  that  we  become  aware  of  the  exist-  equality  or  roughness  is  incident  to  all 

ence  of  any  motion  which  we  perceive  motion  which  we  know,  so  as  to  make 

in  ourselves;  and  the  effects  by  which  us  conscious  of  its  existence,  the  ab- 

we  perceive  it  seem  to  be  referable  to  sence  of  this  consciousness  would  be  a 

two  classes  ;  change  in  the  relative  po-  strong  argument  against  it ;  and  the  ez- 

sitions  of  objects,  and  the  actual  feeling  istence  of  such  an  argument  teems  to 

of  motion.  depend  on  that  question  of  fact. 

We  have  already  seen  that  the  change  The  answer  to  .this  question  ia,  that 

in  the  relative  positions  of  objects  may  we  are,  in  fact,  often  unconscious  of  the 

be  the  same  on  the  supposition  of  the  existence  of  motions  which  we  ourselves 

motion  of  the  earth,  as  on  that  of  the  perform,  and  that,  while  we  continue  so, 

motion   of  the  sun  and  heavens.    In  we  do  in  fact   attribute  the  observed 

other  words,  the  change  in  the  relative  change  in  the  relative  positions  of  ob- 

position  of  objects  only  proves  the  ex-  jects  to  a  motion  in  them,  and  not  in 

istence  of  motion  somewhere:  it  does  ourselves.    We  can  only  instance  mo- 

not  at  all  show  which  is  the  moving  tions  which  we  are  capable  of  positively 

body,  detecting ;  but  even  in  these,  attention 

We  are,  however,  often  fully  conscioua  \o  q^  vvitl  ms^As^  ^wlinuelly 
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Thus,  while  on  a  rough  road  or  tea,  the  eludes  our  obsenration,  and  that  the  ap- 

motion  of  a  carriage  or  vessel  continu-  pearance  is  of  motion  in  the  objects  at 

mlly  reminds  us  of  its  existence,  on  a  which  we  look.    It  is  easy  to  vary  our 

smooth  one  we  often  forget  it ;    and  experiments,  always  with  similar  results ; 

nvhenever  we  do,  the  objects  whioh.we  and  we  conclude  that  we  are  insensible 

are  passing  appear  in  motion  in  the  op-  of  motion,  unless  made  aware  of  it  by 

posite  direction  to  our  own.    This  ob-  mechanical  obstructions  or  personal  ex« 

servation  is  within  the  experience  of  ertion. 

almost  every  one  ;  and  it  furnishes  by       Now  it  is  obvious  that  when  the  ques- 

itself  complete  proof  of  the  possibility  of  tion  is  whether  the  earth  and  all  that  is 

being   unconscious  even  of  a  motion  upon  it  move,  no  evidence  can  be  de- 

which,  when  our  attention  is  called  to  it,  nved  from  personal  exertion ;  and  no 

we  can  easily  discover.     Peiiiaps  astill  mechanical  obstructions  can  be  shown 

more  remarkable  illustration  is  afforded  to  exist.    There  is,  therefore,  no  reason 

by  an  experiment  which  every  one  can  why  we  should  not  suppose  its  motion^ 

•asilv  tiy.    If  there  is  any  motion  of  if  there  be  any,  to  be  perfectly  smooth 

which  it  would  appear  difficult  to  be  un-  and  uninterrupted ;  and  if  so,  experience 

oonscious,  it  would  be  one  performed  by  leads  us  to  believe  that  we  should  be  un- 

our  own  active  exertions,  as  that  of  conscious  of  this  motion,  because  the 

walking ;  and,  consequently,  no  one  as  more  nearly  we  can  approach  experi- 

he  walks  along  attributes  the  ^neral  mentally  to  such  a  motion,  the  more 

ehanges  in  the  positions  of  objects  to  difficult  do  we  find  it  to  perceive  the  ex- 

anything  but  his  own  motion.    If,  how-  istence  of  any,  and  the  more  apt  are  we 

•ver,  a  man  walks  close  along  the  side  to  attribute  the  effects  of  our  own  mo- 

of  a  wall  or  railing,  nearly  of  his  own  tion  to  the  existence  of  motion  in  other 

height,  so  that  the  outline  of  it  may  be  objects. 

about  on  a  level  with  his  eye  and  near  It  was,  indeed,  onoe  imagined  that  the 
it,  he  will  see  it  continually  dancing  up  consequence  of  supposing  the  earth  to 
and  down  as  he  moves,  and  he  will  find  move  would  be  to  show  that  bodies  near 
the  tenscUion  produced  to  be  that  of  a  it  would  continually  have  motions  with 
vertical  motion  in  the  wall  or  railing  respect  to  it  materially  different  from 
itself.  Reflection,  indeed,  will  at  once  those  which  would  exist  on  the  supposi- 
teach  him  that  this  cannot  be  so ;  and  a  tion  of  its  being  at  rest ;  for  instance, 
little  consideration  will  inform  him  that,  that  if  a  body  were  let  fall  from  the  top 
as  at  every  step  he  rises  on  the  ball  of  his  of  a  tower,  it  would  fall  in  a  line  joining 
foot,  and  sinks  again  as  he  sets  his  foot  its  place  with  the  earth*s  centre  at  that 
down,  the  eye  is  at  different  elevations  at  instant,  and  continue  to  move  in  this  line ; 
different  periods,  and  consequently  the  that  the  bottom  of  the  tower,  however, 
relative  elevation  of  the  outline  different,  a  point  on  the  earth,  would,  by  virtue  of 
The  experiment  may  best  b^  tried  with  the  earth's  motion,  move  away  from  that 
a  wall  or  paling  of  the  height  mentioned,  line;  and  consequently  that,  when  the 
because  from  its  nearness  to  the  eye  the  body  had  fallen  through  the  given 
variations  of  the  relative  elevation  are  height,  the  base  of  the  tower  would  be 
mater,  and  therefore  more  striking  than  found  to  be  far  from  the  line  along  which 
m  any  other  case ;  and  a  darkish  night  the  body  fell ;  while,  in  fact,  it  was  found 
is,  perhaps,  t)est  suited  for  the  trial,  be-  to  coincide  with  i.it.  The  fallacy  of  this 
CHUse  then  we  perceive  the  outline  dis-  reasoning,  however,  is  obvious,  although 
finctly,  and  yet  are  not  diverted  by  the  it  was  long  and  much  relied  on  as  an 
presence  of  other  observable  objects,  objection  to  the  theory  of  the  earth's 
The  natural  observation  to  be  made  is  motion.  If  the  body  were  at  rest  rela- 
this.  Our  progress  forward  is  laborious  tively  to  the  earth  before  it  began 
in  itself;  we  are,  therefore,  fully  con-  to  fall,  in  which  case  only  we  find 
scious  of  its  existence,  and  we  hsbitu-  it  fall  at  the  l)ottom  of  the  tower,  it 
ally  consider  that,  in  leaving  objects  t)e-  would  only  be  so  by  having  itself  the 
bind  us,  we  pass  them,  and  not  th^  us.  motion  of  the  earth.  Its  actual  motion. 
But  the  vertical  motion  is  only  inciden-  therefore,  when  it  fell,  would  be  com- 
tal  to  this ;  it  therefore  escapes  our  no-  pounded  of  this  motion  and  its  motion 
tloe  entirely  till  our  attention  is  called  to  of  falling,  and  woukl  be  a  curve  in  con- 
it  by  some  foreign  circumstance ;  and  sequence ;  but  the  motion  of  falling  is 
while  it  does  so,  we  find  that  a  motion  the  only  one  which  prodM^^t^  Ocvati%«  ^ 
which  we  absolutely  perform  by  the  situation  i«U!dve\Y  to  \h<e««x>Xv«%\AV^>a 
muieolar  totioji  U  our  own  bodMS,  only  Ihwefom  wkHA  vi«  ^:Xyi«n%*  ^\)da 
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combination  of  the  two,  however,  pre-  inftppreciaUe  on  loeoiint  of  thor  intf^ 

vents  the  earth  from  leaving  the  body  nituae.    Many  of  these  bodies*  again, 

behind,  and  it  falls,  therefore,  at  the  are  of  magnitude  very  far  surpassing  the 

foot  of  the  tower ;  just  as  a  ball  let  fall  earth ;  and  all  these  bodies,  so  vast  and  so 

from  the  top  of  the  mast  of  a  ship  in  immeasurably  distant,  are  to  l>e  supposed 

motion  shares  in  the  motion  of  the  snip,  to  revolve  round  a  comparatively  small 

and  falls  at  the  foot  of  the  mast  exactly  body,  with  which  they  do  not  appear  to 

as  it  would  have  done  had  the  ship  been  have  any  other  assignable  connexion 

at  rest.  whatever.    The  force  of  the  argument 

These  are  the  objections  which  have  will,  perhaps,  appear  more  stronirly  by 

been  urged  against  the  supposition  of  an  instance.    The  sun  is  nearljr  24,000 

the  earth's  motion;  and  we  conclude  times  more  distant  from  the  axis  of  the 

that  there  is  no  reason  to  disbelieve  it,  earth  than  a  point  on  its  equator  is :  the 

either  on  the  ground  that  we  are  uncon-  daily  circle,  therefore,  that  it  would  de- 

scious  of  that  motion,  or  ih&t  Xheobserv-  scribe,  when  in  the  equinoctial,  would 

able  motions  of  bodies  on  the  earth's  be  24,000  times  greater  than  that  de- 

stirface  and  near  it  are  the  same  that  scribed  by  such  a  point.  Its  magnitude^ 

they  would  be  on  the  supposition  that  also,  is  about  1,331,000  times  greater 

the  earth  is  at  rest.    This  supposition,  than  that  of  the  earth;  if,  therefiaane,  we 

then,  is  an  admissible  one ;  for  the  ap-  were  to  suppose  all  the  earth  to  revdfe 

pearances  of  the  heavens  may  be  ex-  at  the  same  rate  as  a  point  on  its  sur- 

plained  by  it,  and  there  is  no  evidence  face,  yet  the  whole  motion  of  the  sun, 

whatever  to  contradict  it.  if  it  moves,  would  be  greater  than  that 

The  next  stage  of  the  inquiry,  there-  of  the  earth,    if   it   revolves,  in  the 

fore,  as  this  supposition  and  that  of  the  proportion    of    24,000  x  133,100,    or 

motion  of  the   sun  and    sphere   are  3,194,400,000,  to   1.    The  motion  of  a 

equally  admissible,  is  which  of  the  two  point  in  the  equator  is  greater  than  that 

has  the  stronger  arguments  in  its  fa-  of  any  other  m  the  earth,  and  conse- 

vour.  quently  the  whole  motion  of  the  eaith  is 

much  less  than  here  represented:  on 

Section  lY. -^Probability  of  the  i!*l,^**^'  ^^?^'  ^>^  sun's  aensity  is  pnn 

Earths  MoHon.  ^  ^r  ^^^  ff  '"/^^^  *°  *lj*^  «^,  ^ 

earth,  and  the  actual  proportion  of  the 

The  first  argument  in  favour  of  the  motions  on  the  two  suppositions  is  not 

earth's  motion  is  derived  from  the  much  very  far  from  the  truth.    Monstrous; 

grt>ater  simplicity  of  such  a  supposition,  however,  as  the  notion  of  so  enormous 

and  the  less  amount  of  motion  thus  in-  a  motion  seems,  it  is  but  a  small  part 

troduced  into  the  system.  of  the  difficulty  involved  in  the  supposi- 

In  explaining  this  argument,  we  will  tion  of  the  diurnal  revolution  of  idi  the 

beicin  with  the  diumai  motions.    We  heavenly  bodies  round  the  earth;  for 

have  seen  that  these  may  all  be  explained  the  sun  is  only  one,  and  one  of  the  very 

by  supposing  the  earth  to  revolve  round  nearest  of  their  number.    Nature,  how- 

an  axis  in  twenty-four  sidereal  hours,  ever,  as  far  as  we  can  observe  her,  works 

The  motion  in  this  case  is  of  one  body,  always  frugally,  and  employe  no  more 

and  its  extreme  velocity  about  25,000  exertion  than  is  necessary ;    and  the 

miles  in  this  period.    If,  on  the  other  mind  at  once  recognizes  the  superior 

hand,  the  earth  is  at  rest,  all  the  bodies  probability  of  the  comparatively  trivial 

visible  in  the  heavens  must  have  a  mo-  motions  supposed  in  the  earth,  over  the 

tion  of  revolution  in  twenty-four  hours ;  inconceivably  great  and  rapid  motions 

and  the  circles  of  their  revolution  will  which  must  otherwise  be  supposed  to 

exceed  that  of  a  point  on  the  earth's  exist  in  all  the  heavenly  bodies. 

surface  in  the  proportion  of  their  radii.  The   same    argument    iqpplies,  and 

or  of  the  distances  of  the  bodies  from  really  with  equal  force,  though  the  dis- 

the  earth's  axis.    Instead,  therefore,  of  proportion  between  the  motions  intro- 

the  motion  of  one  body,  we  have  to  sup-  duced  on  the  two  suppositions  is  not 

pose  that  of  an  incalculable  number,  quite  so  overwhelming  in  support  of  the 

scattered  at  all  distances  from  the  moon  theory,  to  the  supposition  that  the  earth 

at  sixty  times  the  earth's  radius  to  the  moves  round  the  sun.    If  only  theearth 

sun  at  nearly  24,U00  times  the  same  and  sun  were  in  existence,  the  whole 

quantity,  to  the  remoter  planets  at  yet  motion  thus  introduced  would   be  less 

greater  and  varying  distances,  and  to  than  that  involved  in  the  supposition  of 

Uie  fixed  stars  at  distances  altogether  the  sun's  motion  in  the  proportion  of  their 
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ntpeefire  iiiafMf»  or  of  1  to  133,100;  follow  another,  the  curlier  produeeg  the 

or.  After  allowing  for  the  difPerenoe  of  latter,  is  itself  merely  an  instance  of  the 

dentiry,  probably  about  1  to  30,000 ;  a  principle  in  question .♦ 

diilerenee  quite  sufficient  to  induce  us 

to  prefier  the   former    hypothesis.     But,  *  There  are  lome  Tery  curious  inttftncet  ofthle 

liMv1*«  thi«    if  thA  «iin  mnvM  rnimd  th»  propensity  to  geoeraliie  connected  with  the  his- 

OesiaeS  iniS,  ll  me  sun  moves  rouna  me  lory  of  Astronomy.     Kepler  deduced  hlM   UTfs 

earth,  he  is  accompanied  by  ten  planets,  merely  by  it ,  he  found  ihem  to  subsist  in  the 

and  serenteen  satellites  attendini?  them,  fi"f^  ^*»**^'»  »*?  observed,  .ndboidiy  announced 

II       -»  I-;             u*         -«••             -j^^     ^  *»*•"  *»  general  truths;   but  he  was  unable  to 

all  partainng;  in  niS  motion,    and  COnse-  demonstrate   that    they    were    necessarily    true 

SOently  moving   round   the   earth    also,  vnlrenally,  if  at  alL    This  was  reserved  for  New- 

nvHA  nf  thflAAlvwlioa    olflint«frh  vorv  in  ^°'    "^^  confirmaUon  which  his  researches  gave 

ome  or  these  Dooies,  aimougn  very  in-  them,  fixed  them  ss  undoubted  laws  of  nature  r  tiU 

Anor  to  the  sun,  are  themselves  of  vast  they  received  this,  they  were  liable  to  be  questioned 

magnitiide.  The  earth,  on  the  contrary,  !S*l;f!;?r";,V^,*?:^"**  "■°^°.'***^  supposiuona 

r^^-^      J  J         ,      .        '         _   .   ,...        .X'  of  their  fanciful, though  most  ingenious  author, 

IS  attended   only    by    one  satellite,    the  which  he  propounded  with  equal  confidence,    la 

moon.     Her  motions,  indeed,  are  to  be  ^  instances,  however,  whether  he  was  right  or 

added  to  tho«  of  Itae  earth;  but  the  :^^'1;:^Z'^.!7U^^Z'^:^^e»^ 

additional   motion    thus    introduced    is  rality  of  mles  which  he  found  to  obtain  In  a  few 

ftnr  inferior  to  that  introduced  by  the  ^'"i^^i'  ««,  ^     u  ki 

f.                ..J  M              *xu    i"^ Another  very  remarkable  guess  of  the  same 

mOUOn  ascnbed  even  to  one  of  the  larger  nature  is  contained  in  a  singular  analogy  which 

nlanetl,    and    vastly   less,  indeed,  than  Professor  Bode,  of  Berlin,  found  to  subsist  be- 

HmV   *»f   ttll   tliA  lvv1iA«  imnlimitMl  in  IKa  •'"^•«"  **»*  m^jor  axes  of  the  different  planetary 

mat  CI  au  me  oooies  impucatea  in  me  orwu.  He  found  that  the  following  t«bir.  the 

Sappontum    of  the  SUn*S    motion;  and  modeoftheconstractlonofwhlch  is  obvious,  very 

thus,  also,  the  superior  simplicity  of  the  Sf  of  SS'SlS*as"io  •-**'"'''  <"■*»«•.  ^^ 

Simpontion    of  the    earth*S    motion    is  Mercury's  dlstancei                                 =4 

•Tineed.  venus»s       „          =       4+ao  =  7 

In  aU  our  other  observations  of  the  SS^'^        ;;          =        t{l2i=i6 

heavenly  bodies,  the  smaller  seems  uni-  vesta,  juno,  Cerct  and  PaUa8=H-3*8>  =  «< 

temly,  to  attend  and  depend  on  the  J-Jj^j      »          =       tU-S',^ 

larger:   the  moon  on  the  earth,  the  uranus's       .,           =        4+3S<=i96 

satellites  on  their  respective  planets,  the  '^  ^^^  ^^  found,  on  inspection,  that  these  num- 

-t M._    ^_  4u^    «,«      TriKA  A<i«4K  ;.  «  *>•"  ^T  newrly  correspond  with  those  in  the 

ptaneta    on  the    sun.     If  the  earth  is  a  table  in  p.  122.    n  is  a  very  remarkable  circum. 

ptendU  and  moves  round   the  sun,   her  sunce  in  the  history  of  this  table,  that  it  was 

motion,  are  ui  imtanee  of  thU  ob^srv^  SSSS.  Jj^tSL.SS.^dTu^^.'oiH'Jj.u'SrSSS 

txn :     If    the    contrary    supposition    la  had  led  some  persons  to  co^Jecture  the  existence 

sdODted.  the  motion  of  the  sun  is  an  ex-  «'  *  pUnet  between  if  ars  and  Jupiter,  Ju*t  about 

JT       7     ..  the  distance  at  which  the  telescopic  planets  were 

eepllOn  10  ir.                                           •     .    ,  »fterwards  discovered.    A  similsr  conjecture,  If 

This  introduces  the  mention  of  what  the  earth's  planetary  character  were  unknown, 

«■••    «im4««vi«   >w  MtnaiHprikH  almnst  Ais  R  would  fix  a  planet  at  the  disUnce  actually  occu- 

nay.  periiaps,  pe  consiaerea  aimosi  as  a  ^^^  .    ^^^  j^^ .  ^^^  ^^  ^^^^  ^  circuiisunce 

gCnCSal   law    of  the   tiuman   mmd ;  tne  of  similarity  to  those  sUted  in  the  text,  although 

rMdioeSStobelieve  in  uniformity.  When-  *>»«  'pree  of  an  argument  resting  on  so  loose  a 

_i_ ^  ^  .*.-;««  ^/*k;«..M>  <i/»»AA_  foundation  as  this  empirical  law,  cannot  be  very 

ever  we  observe  a  series  of  tniiiKS  agree-  ^.^.t,                     ** 

inc  with  each  other  in  all  the  Circum-  The  Uw  Itself  has  lately  received  a  remarkable 

rianoe.  pKsented  to  our  notice.  «.  feel  S^'^^J^SSS."  P^Su^piJr'rJSSS^'i^.  1S! 

mclined  to  eonjecture  that  they  will  asree,  p.  n\),  that  it  prevails  not  only  between  the  dls- 

ako.  in  other  circumstances ;  and  when-  t«»c"  0'  »*»«  pisnets  from  the  sun.  but  between 

A   J  «u.4  «  i-^^    ^ri.k<.  M»4..»A  ^r  the  distances  of  the  satellites  from  their  respective 

ever  we  find  that  a  fact,  of  the  nature  of  primaries.    Thus  in  the  case  of  the  system   of 

which  we  are  i^Orant,  can  l)e  reduced  Jupiter,  the  respective  dlsUnces  of  the  satellites 

to  aOine  class  of  facte  with  which  we  are  S^foUowlSTuSf- *^''"*  considerable  error  by 

well  acquainted,  we  are  impelled  to  refer  Empirical  vaiuM.       Tni«vaiu«. 

it  to  that  dass,  and  consider  it  to  be  00-  7+4          '      *    =if            ;  u-o^ 

casioned  in  the  same  manner.    These  7+4xSi            '.   =17            1  17-64 

eoodnskma  are  often  drawn  too  hastily,  7-Mx(«*)«  .      •    =32      .      .  30-86 

hot  the  number  of  such  errors  which  ^°-'*>"^-SS!»2JSIS^''tS;^/-«c.. 

hav«  been  committed,  only  shows  the  lass  .      .      .    =ii»3  .      .    I812 

more   atronjfly  the  propensity   of  the  }^J^^;      ;   =1^  \      ;   \Z 

human  mind  thus  to  generalize  and  to  i283-|-«7xfi^  .    =2259  .      .2275 

absCraet.    This  is  not  the  statement  of  is83+437><(|)*  .    =460i   .      .4551 

the  mere  rule,  that  like  causes  produce  1283+437  x)  a  )T  .    =18749   .      .   9ioi 

like  effects  ;  it  is  rather  the  principle  on  (The  distances  of  the  fourth,  Afth,  and  seventh, 

wWeh    all    our   notions    of    cause     and     have  not  been  observed.)  «w.^.„.r« 

2!r^  M          ji      m       lu                u  1;   *  4U.4  The  svstrm  of  Saturn,  however,  offers  a  pfcu- 

cflcet  depend ;  for  the  very  belief  that,    j,^;,';^ .  ^^^  ^„^^  .^cond,  third,  f o>m^,  %ti«L  wwk 
vbn  OM  trait  is  found  uniformly  to    Mteiatct  it  ranged  tccoT^inaxb  oii«  %«tVM\  ^^^ 
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If,  however,  it  be  an  argument  in  earth  isabodyofadifl^tltntttahirefirom 

favour  of  any  explanation  of  a  fact,  that  the  planets.* 
it  reduces  it  into  a  class  of  known  phe- 
nomena, the  supposition  of  the  earth's 

motion  round  the  sun  is  most  strongly  GfiAPTBR  VL 

recommended  to  our  belief.    The  motion 

of  the  sun  round  the  earth,  if  it  exists,  is  On  Aberration, 

a  fact  unlike  any  other  with  which  we 

are  acquainted.  It  is,  indeed,  an  elliptic  Tm  argnments  already  adduced  are 
motion  round  the  earth,  as  is,  also,  that  probablv  abundantly  sufficient  to  induce 
of  the  moon ;  but  there  is  not  the  pro-  the  reader  to  adopt  the  supposition  of 
portion  between  their  periodic  times  the  earth's  motion.  If,  however,  the 
which  we  find  to  subsist  in  all  other  earth  moves,  its  situations  at  difCnrent 
systems  of  bodies  revolving  round  the  periods  of  the  year  are  verydistaht  from 
same  principal ;  and  it  is  a  motion  of  the  each  other;  and  we  might  therefore 
larger  round  the  smaller  body,  of  which  expect  to  find  the  apparent  situationt  of 
we  find  no  other  instance.  In  spite,  the  bodies  we  observe,  different  in  con- 
therefore,  of  some  circumstances  of  re-  sequence.  Those  of  the  planeta  are  toi, 
semblance,  it  would  have  to  be  consi-  for  the  effects  of  this  variation  of  titua- 
dered  as  a  motion  quite  distinct  from  all  tion  ar6  included  in  the  account  already 
others,  and  governed  by  different  laws,  given  of  their  apparent  ffiotions.  But 
The  earth,  oil  the  other  hand,  if  we  sup-  we  micrht  expect  to  find  also  a  peroep- 
pose  it  to  move  round  the  sun,  is  at  once  tible  difference  in  the  situation  of  the 
included  in  a  class  of  objects,  the  planets,  fixed  stars,  whichv  although  too  distant 
whose  motions  are  well  known ;  and  its  to  be  affected  by  parallax,  coniideitd . 
motions  are  found  to  correspond  in  every  as  the  variation  produced  by  the  dis- 
particular  with  those  of  the  other  planets,  tance  of  places  on  the  earth*s  aurflice 
The  proportion  of  the  distance  to  the  fh)m  its  centre,  might  well  be  to  l>r  this 
periodic  time  is  the  same ;  the  shape  of  far  greater  change  of  position ;  and  any 
the  orbit  the  same ;  the  direction  of  the  such  eff)ect,  if  produced,  would  Im  of  the 
motion,  whether  of  rotation  or  in  the  same  nature,  and  would  therefbre  be 
orbit,  is  the  same;  the  existence  of  a  accurately  described  at  paraUax;  and 
motion  of  rotation  in  the  earth  itself,  going  through  all  its  cnanges  in  the 
and  also  in  a  satellite  revolving  round  course  of  a  year,  it  may  properly  re- 
the  earth,  and  the  direction  and  duration  ceive  the  name  of  annual  parauax.  In 
of  the  satellite's  rotation,  all  correspond  fact,  however,  none  such  can  be  detected, 
to  exactly  similar  phenomena  observed  at  least  with  an?  certainty,  in  any  of  the 
in  other  bodies  of  the  solar  system,  and  fixed  stars.  Astronomen  have  been 
furnish  ar8:uments  in  support  of  the  sup-  much  divided  in  opinion  on  this  ques- 
position  that  the  earth  is  really  one  of  tion ;  but  the  amount  of  thia  parallax^ 
the  same  class.  The  conclusion  is  irre-  if  any  such  is  observable,  ia  at  least 
aistible,  that  the  supposition  is  true ;  for  ascertained  to  be  exceedingly  imali* 
how  great  is  the  improbability  that  all  This,  however,  furnishes  no  reason  for 
these  coincidences  should  happen  by  disbelieving  the  existence  of  the  earth's 
accident  only,  which  they  must  ao,  if  the  motion.    It  may  be  accounted  for,  u 

in  p.  60,  by  supposing  the  distance  of 

*  *  «#*K    t  .K      A        .u        _j.    .  thestars  to  l)e  indefinitely  great,  in  com- 

ar-t,  «ih,  .Ixth,  .»d  .e.enth.  according  to  ano-  ^^^^  ^^  ^^y^  ^^^  j^^^^^^  ^^  ^^ 

^^  Empiric^ d»«uice.    True dijiwce.  earth*s  Orbit;  and  our  conclusions  in 

336-1-8:2  '.     =  4IH   .'      !    430  this  casc,  with  respect  to  the  distance  of 


33rt-|-w2x2.         .       =    500     .         .628 


^tSiv^^!     '      "  SSi    •       •      fS  •  In  thwe  rewonlnj.  we  h.Te  trtated  the  «o. 

3^t«iy'«3w3       ^'^i    '        '    o?oS  tfonofroUUonoflhee»rth«.alrt«iye«Ubli.li«l 

l^^t^^^'Sw'jt     -Sfii    •        •    «lS?  Md  hare  used  It  M  one  of  Uie  clrcumttoncc  of 

wT?ltK    ■      ^?.       K  ..'^   .:    ***^v  corretpondence  to  prove  the  planetary  iialnie  of 

h.T«  *L^^^  *V^??ulZ  *""?  ""^i'^fiim  """^  '^^"  the  earth.    If.  on  tte  other  haV  w^arider  it 

be  affirmed,  thnt  the  planetii  and  tatellite*  arrange  to  be  •iifficlently  eatabUthed  without  retortioc  to 

them»elvc«  about  their  primarire  at  mean   dis-  ihl.  argument,  that  thfe  earth  la  a  planet.  It*  mo- 

™r„\.''i''«4.?   «Trfc  TtTi^'lr^ -^1"  T'  "*»"  of  roUUnn  woald  itself  be  t?nflnn;d  by  the 

gre^jlon    «' «+^' «+;5^' «+«     'r^^*    ^     ''■"•*  ■""***«'  "^  '**'  other  planett  which  have  corre- 

2p^V**^\r'^L^fM  T".?^**'^?"'?i:'*•  spondlig  moHon..    T&i  argument.  Indeed,  may 

S,  2i,  6,  «tc.    \V  e  may  add,  that  tl..«  raiio  of  6  tu  a  hire  some  wel.hf,  wlthoalfntroduilDf  the%ufi 

la  genenilly  exprensed  by  very  simple   numbers:  tion  of  the  eartW  olanetarv  chan^t^J.  Ill  iki 

thus,  for  the  plaocl.  it  is  3  nearly  ;  for  the  -ystem  Joi e,,  whose  ma^^ftud^TrndS^^^ 

of  Jupiter  i ,  for  (bat  of  balura,  * ,  of  Uranus,  4,  the  means  of  ascmiiiAioff  tHeir  tSSSSSi  luwf  • 

BMTlf.  StmUviMUoii, 
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the  fixed  stars,  will  have  to  be  increased  oblique  lines  B  A,  5  a,  in  fig.  38,  refire- 
in  proportion  to  the  increase  of  the  pos-  sent  the  course  of  drops  of  rain  falling^ 
sil)le  distance  between  the  two  places  of  towards  the  eround.  If  an  observer  be 
observation.  Thus  we  find  that  the  placed  at  A,  and  continue  at  rest  there, 
fixed  stars,  supposed  to  have  an  hori-  ne  mieht  point  a  tube,  represented  by 
zontal  parallax  of  0*"36,  must  be  at  the  the  double  lines  A  C,  in  the  direction 
distance  of  572957*8  times  the  earth's  A  B,  and  the  drop  would  descend  »long 
radius,  or  more  than  2.000,000,000  of  the  axis  of  the  tube,  which  would  co- 
miles.  Now  this  distance,  if  the  annual  incide  with  and  represent  the  direction 
parallax  be  confined  within  the  same  in  which  the  drop  fell.  But  if,  instead 
limit,  must  be  increased  in  the  propor-  of  continuinjj  at  rest,  he  were  to  move 
tion  of  the  radius  of  the  earth's  orbit  forward  in  the  direction  AE,  carrjinr 
to  the  earth's  radius,  or  in  the  proportion  the  tube  parallel  itself,  the  drop  would 
47968:1.  But  as  some  astronomers  no  long:er  descend  along;  the  axis,  but 
admit  a  small  perceptible  annual  paral-  the  back  of  the  tube,  being  carried  for* 
lax  of  h"  or  2",  we  find  by  the  principles  ward  into  and  through  the  position  for- 
just  laid  down  (taking  the  parallax  at  merly  occupied  by  the  axis,  would  come 
2'0  for  their  distance  499,702,352  times  in  contact  with  the  drop,  and  either  stop 
the  earth's  radius,  which  quantity  again  it,  or  change  its  course.  If,  however, 
has  to  be  multiplied  bj  3962  to  turn  it  we  suppose  AD  to  be  another  position 
into  miles.  Such  a  distance  surpasses  of  the  same  tube,  it  is  obvious  that  it 
all  our  powers  of  imagination ;  but  we  may  be  so  taken,  that  the  drop  which 
have  no  reason  whatever  for  disbelieving  falls  along  the  line  6  a  shall  be  at  Da 
that  the  fixed  stars  are  really  so  far  off,  point  in  the  axis  of  that  tube,  when  the 
though  the  belief  is  eminently  calculated  observer  is  at  A;  and  we  may  further 
to  excite  wonder  at  the  vast  extent  thus  suppose  the  drop  to  have  attained  its 
attributed  to  the  visible  creation.  terminal  velocity,  and  its  motion  in  con- 

The  question,  however,  whether  any  sequence  to  be  uniform,  and  that  the 
sensible  annual  parallax  exists,  is  one  observer  also  moves  uniformly  from  A 
which  would  naturally  excite  much  to  a,  while  the  drop  falls  from  D  to  a. 
curiosity ;  and  many  observations  have  If,  therefore,  he  continues  to  keep  his 
been  made  for  the  purpose  of  deter-  tube  parallel  to  itself,  its  situation  will 
mining  it.  In  the  course  of  these  a  be  a  a,  and  the  drop,  arriving  at  a,  will 
▼ery  remarkable  phenomenon  was  dis-  still  be  at  a  point  in  the  axis  of  the  tube, 
eovered  by  Dr.  Bradley,  which  he  named  In  the  same  manner,  the  motions  of  the 
the  aberration.  We  have  hitherto  de-  drop  and  the  observer  being  supposed 
ferred  the  explanation  of  its  nature;  we  uniform,  and  the  tube  always  parallel 
shall  now  be  able  fully  to  elucidate  it,  to  itself,  the  position  of  the  drop  at  each 
and  to  draw  from  it  a  very  strong' proof  instant  will  be  a  point  in  the  axis  of  the 
that  the  earth  really  does  move.  For  tube  in  its  corresponding  position ;  and 
this  purpose,  however,  it  will  be  conve-  the  drop  will,  therefore,  when  it  arrives 
nient,  before  we  give  any  account  of  the  at  a,  have  descended  along  the  axis  of 
phenomenon  observed,  to  enter  into  some  the  tube,  which  will  then  be  in  the  posi- 
preliminary  investigations,  tion  ad.    It  will,  therefore,  seem  to 

come  in  the  direction  d a  instead  of  ba; 
Fig.  38.  and  it  is  obvious,  from  inspection  of  the 

figure,  and  consideration  of  the  mode  in 
B  which  the  motions  take  place,  that  the 
angle  e/  a  E,  made  by  the  apparent  di- 
rection of  the  drop's  motion  with  the 
direction  in  which  the  spectator  moves, 
must  be  less  than  ba,E,  or  B  A  E,  the 
angle  made  with  the  same  line  by  the 
real  direction  of  the  drop^s  motion. 

Now,  this  is  exactly  what  an  astro- 
nomer does  in  observing  the  heavenly 
bodies.  Of  course,  the  appat-ent  direc- 
tion in  which  he  sees  them  is  the  same, 
whether  we  introduce  the  supposition  of 
pointing  a  tube  towards  them,  or  not: 
that  supposition  only  facilitates  explana- 
Let  OS  suppose  that  the  MtkUel   tion.    But,  in  fact,  he  do^  so:  ha  ^mV^ 
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of  a  grpat  cirde  drawn  throngh  the  itar  the  oirde  08«  oute  Urn  eifde  ASa  at 
perpendicular  to  the  plane  of  the  eclip-  right  angles ;  or  the  dtreotione  of  the 
tic :  and  let  B.  C,  be  other  points  in  the  greatest  and  |,least  aberrations  are  per- 
celestial  ecliptic,  and  B  S  ^,  C  S  c,  arcs  pendicular  to  each  other,  the  least  aber- 
of  great  circles  drawn  through  the  star  ration  taking  plaee  in  a  direction  per- 
and  these  points  respectively,  which  will  pendicular  to  the  ecliptic,  or  affecting 
of  course  be  semicircles,  as  all  great  only  the  latitude  of  the  star.  On  inves- 
circles  bisect  each  other.  If  then,  tigation  of  the  precise  amount  of  the 
A,  B,C,  a,6,c,  represent  different  po-  aberration  in  every  direction,  on  the  sup- 
sitions  of  the  point  toward^  which  the  position  that  it  is  the  effect  of  the  earth's 
earth  moves  (or  the  point  Q(fi  before  the  motion,  we  shall  find  that  the  apparent 
earth's  place)  S  A,  S  B,  8  C,  S  a,  S  6,  S  c>  place  of  the  star  is  always  in  the  peri- 
will  represent  the  arcs,  to  the  sines  of  phery  of  an  ellipse,  of  which  the  centre 
which  the  amount  of  aberration  is  pro-  is  the  true  place  of  the  star;  Ihe  minor 
portional,  and  in  the  direction  of  which  axis  is  in  the  direction  of  a  great  circle 
it  takes  place.  Now,  the  earth  being  passing  through  the  star  perpendicular 
in  every  point  of  the  ecliptic  in  the  course  to  the  ecliptic,  the  major  axis  =  40'''492 ; 
of  a  year,  every  point  of  the  celestial  and  the  proportion  of  fhtf  minor  to  the 
ecliptic  must  be  90°  before  its  place  in  major  axis,  that  of  sin.  ^*s.  latitude  : 
the  course  of  the  same  period,  and  con-  radius  *.  Of  course,  therefore,  the  star 
sequently  the  point  S  must  be  joined  is  never  seen  in  its  true  place,  except  in 
with  every  point  of  the  celestial  ecliptic  one  case  which  we  shall  preaently  men- 
to  give  all  the  arcs  which  determine  the  tion. 

magnitude  and  direction  of  the  aberra-  Now  it  is  found  by  obsenratioi|  that 

tion  during  the  year.  Of  these,  the  least  the  apparent  places  of  a  star  do  actually 

is  AS,  and  the  greatest  is  S  a:  the  one  differ  at  different  periods  of  the  year, 

being  greater  and  the  other  less  than  and  that  their  variations  accurately  cor- 

90® :  and  in  passing  from  A  towards  a, 

the    corresponding    wrcs    must    pass  ,  j^^  ,^^  „^,.  ^53  ^  ^  g^  ^     ^^  ^  ^. 

through  all  mtermediate  values,  mcreas-  . ..  cm.  #  =  ua.  •  cot.  k  or  coft.i 4  s  tuj  • 

ing   as  they  approach  a.    Of  course,  cot.a6. 

amonir  these,  there  must  be  one  which  "d  sin.t^  =  1  —  cofl.t#  =  1  —  un.t «  cot.t*s 

is  of  90° :  let  S  C  be  this ;  and  the  aber-  1 .  iillf^* 

ration  in  the  direction  of  the  line  S  C  '^^"i*.,*  -  ua.t a  (i  -  ,in.«  k) 

will  have  its  greatest  value,  and  will  of uHTtl 

course  be  20"-246.    The  arcs  C S,  S  c,  ^^^  ^ 

together  make  a  semicircle,  and  S  C  .  • .  iin.!  h  =  —  —- i:"T"  » 

beinsf  9U°.  S  c  will  be  90°  also ;  of  course  "  "*"          ^    -«».•* 
therefore  the  aberration  in  the  direction 
Sc  will  also  be20'"2-lG:  and  the  ex- 


Un.ia  tin.*  c 


lecJ  a-  ain.*  ^  ~  1  —  com  •  »*».«  i 


treme  distance  bftwten  the  two  appa-  ^^\5  V2V''-Im« Vin!*^^^^^ 

rent  places  as  affected  by  the  aberra-  ^                                   (20^-«46')««iii   • 

tion  in  these  opposite  <lirections  will  be    ..,{■  =  (20"- 24«)*.  »in.«  b  = — — 

40""492.      If  ajrilin,  B  S  b  represent  any  ^l,^  p„i„ equation  to  .n  ellipse. wboo«  eeml-mejer 

other  gfreat  circle   passing:  thiou^h  S»  axii s  20"S46.  uid  Mmi-mioor  axle  ^  iw-ni, 

the  aberration  in  the  direction  S  B  will    '*'J: f *  k-j«„.  ,v.. .wi. .m^.. ,. .v^ .t.. 

,                  ^         1  A    Ai                   /CIO         J  It  I*  obvlone  tnet  tWe  elllpee  H  the  eame  et  thel 

be  proportionnl  to  the  sine    of   SB.  and  produced  by  the  prqjecllon  upon  the  Aurfecc  of 

that  in  the  direction  of  S  6  will  be  pro-  thccele«llal  tphere  of  a  circle  drawn  parallrlto 

-^     «:  v^  .1  4      *u  .    r.:«..    xf   c  A       Ti..*  4U«  theplnne  of  the  ecllpUc,  whoae  radlim  laSlf*4ia 

portional  to   the    sine  of   S  h.      But  the  iheclrcle  being  so  tmall,  the preJecUon  maybe 

arcs  S  B,  S  6  toe:etllcr   make  up  a  semi-  conftidered  h« orthograpbic,  and  the  aurfaceorthe 

circle,  or  S  B  i>  the  suppkment  of  S  ^> :  ;P^*^7""  1 P'*"^  ?"J!r"?*"'*VK  "^' »«»*<«"« 

,     '      ,                  ,.           ''          1     /.  ^L  fritm  the  obaerTer  to  the  itur.    The  orthoaraphle 

and  as  the  sine  Ot  an  arc  and  of  its  sup-  pn^eciion  of  a  circle  U  an  ellipse,  whose  minor 

plement   are   equal,    the     aberrations  in  «xl«  :  major  axis  ::  cor  inclination  oflbe  plaae  : 

*u      1:  «  4;«^o  o  »»    c  A    «^  .  „. 1  rudiu*.    In  this  cute,  the  Inclination  of  the  sop- 

the  directions  S  IJ.  S  6.  are  equal.  p^.^^  plane  to  the  surface  of  the  sphere  =  cuL 

In  the   SHine   manner  the  aberrations  plemeut  of  the  star**  latitude,  fur  if  the  radia«  of 

in    the    directions    S  A,   S«,  are   equal:  tbe»|.herebeproduced  the  right  angle  between  the 

,            oAiuiA              11  radui*  •»  produced,  and  the  surface  of  the  where, 

and    as    S  A    is    the    least    possible    arc  Jb  made  up  of  tbnt  inclination,  and  the  exirrlor 

drawn  from    S   to   the   celestial   ecliptic,  «"«?•*  formed  by  the  outer  of  two  parallel  line*. 

fli..«P  nrP  thp  Ipflvt  v«1iit>v!  nf  lhi»  ahprin  ""^  *  HnelnlcrHertlng  them,  which  U  equal  to  the 

llK'se  are  ine  leasl  vauies  01  ine  antria-  jnnrlor  «nd  oppo»lie  an^le  •,  that  is.  to  the  angle 

ti"n.      The  greatest  values   Ol    the   aber-  ai  the  centre,  or  to  the  star's  Intltude.     Theco«<nc 

ration    are    in    the    directions    SC,  Sr;  of  the  Inclinalloij   therefore  is  equal  to  the  sine 

1        .1               a  r*    a                 t  ^^xQ        i.  of  the  Star*  latitude  (    and  the   minor  udt  a 

and  as  the  arcs  S  C,  S  c,  are  of  OO''  each,  8(r-246  sio.  «*■  u$itiide,  u  befors. 
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i^pond  with  tboM  Mmppted  on  the  of  inportance  to  know  that  obierration 

aupposition  of  the  earth^t  motion ;  that  preceded  theory,  and  therefore  has  not 

it  to  say,  if  all  the  apparent  positions  been  accommodated  to  it ;  and  that  the 

are  registered*  they  are  found  to  be  points  theory  (which  follows,  indeed,  as  a  ne- 

in  the  periphery  of  an  ellipse,  in  which  cessary  consequence  from  the  supposi- 

the  magnitude  and  the  proportion  of  the  tion  of  the  earth*s  motion)  was  not  ori- 

arcs  are  the  same  as    those  already  ginally  and  independently  deduced  from 

deduced ;   and  assuming  the  centre  of  that  supposition,  but  adopted  only  as  a 

that  ellipse  to  be  the  true  place  of  the  mode  of  explaining  facts  to  which  it  was 

atar,  then  the  apparent  place  is  always  experimentally  found  to  correspond, 

found  to  be  in  the  great  circle  joining  it  is  obvious-  that  this  coincidence 

that  true  place  with  the  point  of  the  between  the  results  of  theory,  supposing 

ecliptic  towards  which  the  earth,  on  the  the  earth  to  revolve  round  the  sun,  and 

aupposition  of  its  revolving  round  the  of  observation,  furnish  the  most  con- 

aun,  is  moving  at  the  time.    The  man-  vincing  proof  of  the  reality  of  theearth*s 

ner  in  which  these  observations  are  made  motion*.    It  is,  indeed,  possible  that 

will  better  appear  when  we  have  further  the  earth  ma]^  be  at  rest,  and  that  the 

considered  tne  effects  of  the  aberration,  varying  positions  of  each  star,  durins 

supposing  it  to  exist :  but  we  may  at  the  year,  may  be  attributable  to  a  Veal 

once  observe,  that  the  discovery  of  the  motion  in  the  star,  performed  in  the 

existence  of  such  a  variation  in  the  ap-  space  of  a  year,  and  following  in  every 

parent  place  of  the  stars,  at  different  instance  the  same  laws ;  but  the  impro- 

times,  was  made  before  the  theory,  by  bability  of  such  a  supposition  is  mani- 

which  we  have  explained  it,  was  in-  fest    On  the  supposition  of  the  earths 

▼anted;  and  consequently  that  the  coin-  motion  all  these  variations  are  accu- 

cidence  of  theory  with  observation  is  not  rately  accounted  for,  both  in  magnitude 

liable  to    the    suspicion   which   often  and  direction ;  they  necessarily  all  take 

attaches  to  the  cori-espondence  imagined  place  towards  the  same  point,  (that  to- 

to  exist  between  the  results  of  observa-  wards  which  the  earth  moves,)  and  in 

tion,  and  those  deduced  from  a  theory  amounts  depending,  as  they  are  found 

previously  adopted.    Where  the  obser-  to  depend,  on  the  star's  diiitance  from 

vations,indeed,  are  perfectly  correct,  and  that  point.    On  the  supposition  of  the 

the  data  from  which  the  theoretical  cal-  earth's  being  at  rest,  and  the  star's  having 

eolations  proceed  perfectly  ascertained,  an  actual  motion  of  its  own,  there  is  no 

it  is  of  little  importance  which  came  reason  why  any  one  star  should  have  its 

first  in  the  order  of  time,  for  their  coin-  position  in  any  way  determined  with 

cidence,  if  the  two  really  correspond,  reference  to  the  particular  point  in  (]ue8- 

must  be  perfect.    But  this  is  not  the  tion,  rather  than  to  any  other  point  in 

case  with  the  i)henomena  of  aberration:  the  heavens,  and  of  course  the  impro- 

the  time  by  which  the  eclipses  of  Jupi-  bability  of  its  being  so,  even  in  the  case 

ter's  satellites  are  accelerated  or  retarded  of  any  particular  star,  is  very  great :  the 

is  not  known  with  sufficient  accuracy  to  improbability  of  finding  that  all  stars 

enable  us  to  state  with  perfect  certamty  should  have  their  positions  so  regulated 

the  exact  magnitude  of  the  apparent  (as  we  practically  find  them  to  be)  of 

ellipse  indicated  by  theory;  nor  is  the  course   altogether    defies    calculation. 

accuracy  of  observation  sufficient   to    : — -77 — — --     * 

enable  u.  to  determiDe  with  the  miaute-  ^^.'i.^JJJ'SV.'.Si  li^ll  ^  *^""' 

nesS  necessary  for  such  a  purpose,  tne  •  if.  on  the  other  hand,  we  consider  the  earth*t 

precise  variations  in  the  observed  pOSi-  moUon  as  suficiently  etUbUahed  by  the  other  ar- 

r           ^t  *u^      «           :^A.^A     4kA    i^o#.f  gumenta  which  exist  in  aupport  of  It,  we  may  uae 

tions   of  the    star;    indeed,    the    exact  &»«  phenomena  of  aberratfou  for  the  purpose  of 

amount  of  the  greatest  aberration  is  s:iU  Mcertatnlng  the  velocity  of  light;  for,  whaterer  b« 

«  milter  of  oontroversv**  it  is.  therefore.  **•»*  velocity,  the  eflWcU  of  aberration  will  bf 

"  mailer  01  GOniroversy     .  m  »l,  uicreiun:,  ^^  ^^^  ^^^^  nature,  and  follow  the  same  lawai 


.^     „     _.  .      .        .      ^^   e  »nd  fw*'"  their  obaerTed  amount  the  Telocity  ol 

•  See  a  paper  by  Mr.  Richardaon  to  -4rf.  Soc.  jj  j^j  ^^^^  ^^  aacerUlned.    The  procetia  will  b« 

Tnm$.  Yof.  It.,  which  aaalf  ua  Uia  Talua  80^  Mi  ^J     ^^      y^   ^„^    ^^^   „^^^    of  that   already 

to  the  ffrtateat  aberration.     Brfdley  conaldered  ^^.^^  .*  „  before,  If  A  rrgreateat  amount  of  aber- 
the    Talue  to  be    »0"i    M.  Zach.  deducing   the  "^  Vv  of  the  earth 

ralae  from   Bradley's  obaerTaUon,  iKr'233.     M.  ratloo,  A  =  <— ^ t-t —     »nd,  consequently, 

J|«aflel,  foming  his  computations  from  the  same  Vy.  of  light. 

■onrces,  20'^i  Dr.  Brinkley.  20"  87 1  M.  Lude-  Telocity  of  light  =  A,  Telocity  of  the   earth,  io 

aau.  ao^-ei  J  M.  StruTe.  ar'35  J  Profeaaor  Wood-  which  equaUon  the  Yalue  of  A  may  be  asceruined 

b«uae.  tV'tA/S.    If.  La  Place.  20^-25.    All  these  from  obserTaUon.  and  the  clo«e  aifTeem^nt  of  the 

r«sulu  differ  by  quantltlea  falling  decidedly  within  Talne  thus  deduced  with  that  derlTed  from  the 

ike  uoMible  Itralu  of  error  arising  from  the  Inac-  obsenratlon  of  the  eclipses  of  Jupiter's  satellites, 

curMfcsoroteerraUon.  If  they  be  deduced dlrecUy  finishes  the  strongest  cooftrmaUon  of  the  accu- 

fromlt,orftomtbepoetlbUcReri]iUMeoBpi>tA-  racyofeMli. 
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Considering^  the  fibet  of  the  exiiteiioe  of  longitude.    Tlie  mignitode  of  thii  ve, 
this  aberration  as  established,  we  shall  also,  will  haTe  every  valiie  fWnn  0^  to 
point  out  a  few  instances  of  the  peculiar  180° :  of  coarse,  therefore,  the  aberra- 
effects  which  it  produces.    In  the  first  tion  will,  at  two  points,  where  the  are  is 
place,  as  it  necessarily  takes  place  in  90°,  have  its  greatest  valne  of  20'''S46. 
great  circles    drawn  to   intersect    the  And  at  other  two,  where  the  are  ii  <P  or 
ecliptic  in  every  possible  point,  it  takes  180° ;  that  is  to  say,  when  the  earth  is 
place  in  every  possible  direction;  and  moving  directly  towards  or  away  from  the 
among  those  directions  there  must  be  star,  the  aberration  will  be  nothing.  The 
some  perpendicular,  and  some  parallel  same  conclusions  evidently  follow  from 
to  the  equinoctial  and  the  ecliptic  re-  the  results   already  deduced :   for  the 
spectively.    When  the  aberration  is  in  star's  latitude  being  nothing,  the  minor 
lines  perpendicular  to  the  equinoctial,  it  axis  of  the  ellipse  in  which  it  is  seen 
takes  place,  of  course,  wholly  in  declina-  becomes  nothing  also,  and  the  ellipse 
tion ;  when  in  lines  {Murallel  to  the  equi-  itself  becomes  a  straight  line,  in  which 
noctial,  it  takes  place  wholly  in  right  the  star  appears  to  oscillate  backwards 
ascension ;  when  m  any  other  direction,  and  forwards ;  of  course  passing  thronj^h 
it  affects  both  the  declination  and  the  the  centre,  or  having  its  apparent  coin- 
right  ascension.    It  is  not  necessary,  cide  with  its  true  place  in  the  course  of 
here,  to  investigate  the  laws  by  which  its  passage  each  way. 
the  effect  produced  on  the  declination  Another  set  of  conclusions,  of  moeh 
and  right  ascension  is  determined :  it  is  importance  in  the  history  of  the  dis- 
sufficient  to  state  that  they  are  of  easy  covery  of  aberration,  are  deduced  from 
and  of  certain  computation,  and  that  the  considering  its  effect  on  stara^ situated 
observed  results  accurately  correspond  in  the  solstitial  colure;  the  mendian 
with  them.  Observations  of  right  ascen-  which  passes  throus:h  the  pole  of  the 
sion  and  declination  are  those  most  easily  ecliptic.     In  this  case,  therefore,  the 
made ;  and  it  was  from  such  observa-  aberration  in  latitude  and  in  declinatkm 
tions    that  Dr.  Bradley  detected    the  are  the  same,  and  this  aberration  takes 
existence  of  the  apparent  irregularity  m  place  entirely  in  latitude,  or  entirely  in 
question,  and  investigated  the  laws  which  declination  at  the  same  time ;  that  is  to 
regulated  it ;  and  thus  was  led  to  the  say,  when  the  earth  is  about  90°  lyehind 
discovery  oif  the  cause  from  which  it  either  of  the  solstices,  or  al>out  the  time 
proceeded.  of  the  two  equinoxes.     At  this  time, 
We  proceed  to  point  out  some  par-  also,  the  aberration  in  declination  is 
ticular  results  affecting  heavenly  bodies  greatest ;  for,  although  the  whole  aber- 
in  certain  specific  positions.  In  the  first  ration  is  least  when  it  takes  place  in  the 
place,  let  us  suppose  the  case  of  a  star  direction  S  A,  or  Sa  {fig,  39),  and  eon- 
placed  exactly  in  the  pole  of  the  ecliptic  se(]uently  enthvly  in  latitude,  the  aber- 
In  this  case,  the  arc  drawn  from  the  ration  estimated  in  latitudes  is  then  great- 
starts  place  to  every  point  in  the  ecliptic  est*.    Now  (in  Jig.  39),  let  P  represent 
is  exactly  90°,  and  its  sine,  therefore,  the  pole  of  the  heavens,  p  the  pole  of 
always  equal  to  the  radius :  and,  conse-  the  ecliptic,  S,  t,  two  stars  situated  m  . 

Siently,  the  star  will  be  seen  in  a  circle  the  solstitial  colure,  on  opposite  sides  of 

ways  20'''246   distant  from  its  true  the  pole,  whose  north  polar  distances 

place,  and  the  amount  of  the  al)erration  (and  of  course  their  declinations)  ars 

will  always  be  equal,  and  always  the  equal,  that  is  to  sav,  P  8  =  P  t :  it  is 

greatest   possible.     The    same  result  obvious  that  they  will  have  their  greatest 

would  follow  from  considering  the  ap- 

parent  curve  as  the  projection  of  a  circle  .  ^.  ^^^^  .^^^„  ,    =^=== 

parallel  to  the  plane  of  he  ecliptic ;  for,  „^^.^        ^^^  But  the  .beri«Uan  i»  utu 

in  this  case,  such  a  circle  would  t)e  seen  tnde  wlU  erldentlf  l>e  :  the  trhoU  •bcrrmtioB:: 

perpendicularly,  and  would  therefore  ap-  co^^  :    rad.,  or    abermion    lo    latuodc  « 

pear  circular.    The  next  instance  which  ^^^ 

we  will  take,   will   be  that  of  a  star  si-  Vi-c<M.»asln.^  TbttqaareortbtalMmtioa.*. 

tuated  in  the  ecliptic.    In  this  case,  the  coi.ti                        i  -  «iii.V 
arc  drawn  from  the  star  to  the  point  of    «  i  .  co..«a.in.t#  *  l-.i»3^+a»in.ta^^ 

the  ecliptic,  towards  which  the  earth  is  ^^^   ^  ^^^    . 

moving,  will  alwavs  be  a  portion  of  the    a  i ^ ^.  which  ta  evidcnUf  tht 

ecliptic  itself;  and' the  whole  aberration,  i-co.faiinV 

thereiore.  will  be  in  the  plane  of  the  SSlhi^or^hln^^ooir^a^^ 
ecliptic,  or  it  will  take  place  enUrely  Va   u«uv»ttiAx€kiv^\M&s»te. 
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aberration  in  ktitnde  and  dedinalion  at  referrtd  to  the  oelettial  ediptic  at  the 
the  same  time, — namely,  when  the  points  time  of  observation.  It  will,  therefore, 
A,  c,  are  those  towards  which  the  earth  in  the  course  of  the  year,  take  place, 
is  movimr:  but  that  the  efiPect  of  aber-  like  aberration,  in  every  possible  direc- 
ration  at  S  will  l>e  to  increase  the  north  Hon,  for  it  will  take  place  in  g;reat  circles 
polar  distance,  or  diminish  the  declina-  joining  the  star's  place  with  every  point 
tion ;  at  t  it  will  be  to  diminish  the  of  the  celestial  ecliptic ;  and  the  circles 
north  polar  distance,  or  to  increase  the  8  A,  SB,  S  C,  &c.,  in  Jig.  39,  may  re- 
declination.  If  these  effects  took  place  present  lines  in  which,  at  different  times, 
to  an  equal  amount  in  each  case,  they  the  effect  of  parallax  takes  place.  This 
might  plausibly  be  attributed  to  an  actuu  is  not  the  only  resemblance  l>etween  the 
Tariation  in  the  position  of  the  pole  effects  of  parallax  and  aberration.  If 
itself,  which,  in  moving  towards  the  one,  P  represent  the  greatest  possible  paral- 
would  move  as  much  away  from  the  lax  of  any  fixed  star,  the  parallax  in 
other ;  and  this  was  the  first  supposition  any  particular  situation,  as  when  the 
of  Dr.  Bradley,  when  he  discovered  (by  earth  is  at  B%  will  be  P  sin.  SB:  the 
observation  on  y  Draconis,  and  35  of  greatest  parallax  will  be  in  the  same 
Caroelopardalus,  two  stars  of  equal  lines  S  C,  S  c,  which  are  each  arcs  of 
north  polar  distances,  situated  very  90^,  in  which  the  greatest  aberration 
near  the  solstitial  colure,  and  on  oppo-  took  place,  and  the  least  will  be  in  the 
site  sides  of  the  pole)  the  variation  of  lines  S  A,  S  a,  when  the  aberration  is 
declination.  He  found,  however,  that  least.  Besides  this,  the  value  of  the 
they  were  not  equal,  and  consequently  parallax  is  P  sin.  S  B ;  a  quantity  exactly 
that  this  supposition  could  not  oe  ad-  of  the  same  form  as  the  value  of  the 
mitted :  and  we  have  already  seen  that  al)erration  20"'246  sin.  SB.  By  the 
the  aberration  in  the  one  case  would  be  same  process  of  reasoning,  therefore,  as 
S0''*246,  sin.  S  A,  in  the  other  20"'246,  that  before  adopted,  the  effect  of  parallax 
sin.  t  A :  two  quantities  which  are  ne-  will  be  to  make  the  star  apparently  move 
eessarily  different.  Bradley*s  original  in  an  ellipse,  exactly  similar  to  that  oc- 
notion,  however,  was,  that  by  these  ob«  casioned  by  aberration,  and  differing 
•ervations  he  should  be  able  to  detect  from  it  only  in  magnitude,  in  the  pro- 
an  annual  parallax  in  the  fixed  stars;  portion  of  the  constant  coefiicients  P 
and  it  is  necessary  to  point  out,  that  and20'''246.  These  coefficients,  indeed, 
these  same  observations  were  incon-  have  one  remarkable  difference :  the  oo- 
sistent  with  the  supposition,  that  the  efficient  20"'246  being  derived  from  the 
irregularities  observed  were  the  effect  of  consideration  of  the  velocity  of  lisht  is 
parallax.  the  same  for  all  stars ;  the  coefficient  P 
For  this  purpose  it  will  be  necessary  may  he  different  in  the  case  of  each  par- 
to  revert  to  the  consideration  of  the  an-  ticular  star,  and  if  their  distances  are 
nual  parallax,  and  to  ascertain  in  what  different,  it  will  be  so. 
manner  it  will  affect  the  apparent  place  Still,  with  this  general  identity  between 
of  any  fixed  star.  The  sun  being  con-  the  nature  of  the  effect  of  aberration 
mdered  as  the  centre  of  the  svstem,  the  and  of  parallax,  how  do  we  distinguish 
true  place  of  the  star  will  be  that  in  that  it  is  by  aberration  and  not  by  paral- 
which  it  is  seen  from  the  sun.  Now,  lax  that  the  places  of  the  stars  are  sensi-  . 
parallax  (p.  56)  always  takes  place  in  a  bly  affected  ?  The  answer  is  very  simple : 
plane  passing  through  the  object  ob-  the  effects  of  parallax  and  abenration, 
served,  and  the  difi'erent  positions  at  though  each  in  the  course  of  the  year 
which  the  observation  takes  place ;  that  tends  in  every  possible  direction,  takes 
is  to  say,  in  the  present  case,  through  place  at  each  particular  instant  towards 
the  star,  the  earth,  and  the  sun.  The  different  points:  the  former  towards  the 
line  joining  the  earth  and  sun  will,  when  earth's  place,  the  latter  towards  a  point 
produced,  pass  through  the  earth's  place  in  the  ecliptic  90^  distant  from  it.  Thus 
as  referr^  to  the  celestial  ecliptic,  and  when  the  earth  is  at  c,  the  effect  of 
the  intersection  of  the  plane  just  men-  parallax  takes  place  in  the  line  S  c,  that 
tioned  with  the  sphere  of  the  heavens  of  al)erration  in  the  line  8  A.  The  arc 
will,  as  it  passes  through  the  sun,  the  e  S  C  is  bisected  by  A  P  a,  and,  there- 
centre  of  that  sphere,  be  a  great  circle  of  fore,  they  cut  each  other  at  right  angles ; 
the  heavens.  Parallax,  therefore,  will  for  a  short  space  about  the  point  8, 
appear  to  take  place  along  this  {;reat  therefore,  such  as  those  withvcv  ^Vv\0^ 
cvde;  a  great  circle,  namely,  joining  the  effects  of  paiaWax  and  «^ti%Sitfm^tt« 
the  star  and  the  place  oi  the  earth  as  oonfined^  the  ito.  c  ft  O  Va  ^gaxai^  V^ 
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oAa  IB  this  poritioDt  ttNMbn,  the  md  it  dwigpi  Miifiliiii  HmmnmA 
whole  efffot  of  paralkx  wiU  bt  in  ft  di-  longifiKku  btotqw  ifc  baojift  ttn  nm 
notion  pftfftllol  to  tlio  eeliplio*  or  it  will  netrcr the  point  towavdn  wbioh  thn  oftith 
•IKMittnelonf(itadeoftliottftronl]r,and  is  moving.  Wo  ftlwtfs,  fbcrafon,  by 
not  its  latitude.  At  the  Mme  tinfe  the  the  effeot  of  al)erFfttion,  iaMgine  the  eon 
ftbenretion,  if  any  exists,  will  take  place  to  be  in  a  point  80"*M6,  behind  the  tnie 
in  the  line  8A,  perpendieolav  to  the  direotion  of  theraybywhidiweaeehiai, 
eoliptio,  and  it  will  therefore  aflhot  the  or  behind  his  real  plue  at  the  time  when 
latitude  only.  If  therefore  we  tnd,  at  the  ray  quitted  hhn.  Butthenvqnilted 
this^time*  the  latitude  of  the  star  to  be  him  8»  18"  before  it  arrived  at  (ne  earth, 
aieoted.  as  we  actually  do,  the  inferenoe  for  that  is  the  time  which  light  takee  to 
is  necessary,  that  it  is  aftcted  by  aber-  pass  fW>m  the  sun  to  the  earth,  and, 
ration,  not  by  parallax.  In  the  same  consequently,  what  we  see  ia  the  appa- 
manner,  when  the  earth*s  place  is  at  A,  rent  position  of  the  sun  8*  19  befcie; 
the  parallax  would  take  place  in  the  line  and  as  we  want  to  ascertain  tlm  ean*i 
ASP,  therefore  entirely  in  latitude ;  true  plaoe,  we  have  not  only  to  comet 
but  the  aberration  would  take  plaoe  in  the  apparent  place  of  the  errar  ooea- 
the  direction  S  C,  A  C  being  90^,  and,  ^ned  oy  aberration,  but  to  add  to  it  also 
consequently,  'in  a  direction  parallel  to  the  amount  of  the  motion  of  the  earth 
the  ecliptic,  or  entirely  in  longitude*  or  sun  during  the  space  of  flP  13*»  that 
Now  at  this  time  we  do  find  that  the  Is  to  say,  the  arc  9(H'*S46;  ipr  this  is 
star's  longitude  is  afiSMted,  which  it  can-  also  the  amount  of  the  sun*a  mean  no- 
net be  by  parallax ;  this,  therefore,  must  tion  in  8*  13*.^  The  sun,  therefore^  will 
he  the  eiliect  of  aberration.  The  sepa-  be  seen  4e'''499  behind  his  true  i^eea,  in 
ration  of  the  efieots  of  the  two  causes  is  consequence  of  the  progreadve  motion 
ft  little  moreoomplicated  in  intermediate  of  light ;  ft0'''24e  by  the  cffset  of  aber- 
situfttions;  but  they  always  take  place  ration,  and  2(H(248  from  the  snaee 
in  different  directions,  ana  may  always,  throu^  which  he  movep  while  lua  ughl 
in  consequence,  be  distinguished  from  is  coming  to  the  earth, 
each  other;  and  we  are  thus  clearly  The  apparent  places  of  the  plancb 
enabled  to  say,  that  the  inequalities  ob-  wiU  be  affected  in  an  analogoua  manner, 
served  are  referrible  to  aberration  as  The  following  considerationa  will  show 
their  cause.  Whether  there  be  any  sen-  how  to  estimate  the  quantity  by  whieh 
eible  annual  parallax  at  all  is  still  a  these  places  are  altered.  Thetnieplaes 
matter  of  dispute,  and  it  is  sufficient  of  any  planet  at  the  time  of  otseervatioa 
heretohave  pointed  out  the  nature  of  its  will  differ  from  the  observed  plue  fay 
effects,  supposing  them  to  exist,  and  the  the  arc  that  the  planet  descrilMa  in  thf 
impossibility  of  their  being  confounded  time  that  a  ray  of  light  taken  to  pass 
with  or  included  in  those  of  aberration,  from  it  to  the  earth.  As  the  distenei 
It  is  not  pretended  that  it  can  be  de-  firom  the  planet  to  the  earth  is  niways 
tected,  except  in  a  very  few  stars;  and  known,  or  may  be  oalcnlatcd  from  lbs 
in  none  of  these  is  its  amount  supposed  tables,t  and  since  the  time  taken  fay 
to  exceed  2".  light  to  traverse  the  diameter  of  ths 
Dismissing  the  consideration  of  paral-  earth*s  orbit  is  asoertamed,  wn  m|y  ind 
laxes,  which  evidently  can  be  of  little  bf  a  simple  proportion  how  long  Hj^ 
practical  importance,  we  return  for  a  will  take  to  describe  the  distanee  in^ne^^ 
short  time  to  the  consideration  of  aber-    ^— 

ration.     It  is  evident  that  the  apparent  •  The  vpaet  dc«»1b«d  by  the  enrih  m  mam,  dm- 

positions  of  the  sun,  moon,  and  planets,  int  n»t  pMUft  of  Ufbt from  tte  m  lo  ihi«iA 

£u.t  be  affected  by  it  in  the  Mme  man-  |;,:Snrfhh31.tt1r2;in5rSj?K^ 

ner  as  those  of  the  fixed  start ;  for  it  ■tMcedtterlbcdbytlMearthor  Mnbi  ■Hf'llBall 


arises  only  from  the  gradual  prop^ation  {i;.»^^«-a3r^f*tf.?»^ 

of  light,  which  IS  the  case  as  much  m  the  Uierefore,  to  reprcc^nt  this  Une^  e  tlw  tpM  e». 

one  case  as  in  the  other.  scribed  by  the  ewth  oc  ran  in  t,  uid  r  Um  4i«mw 

Now  the  .un  being  dway.  in  the  ^i^,,:^'^.^r1T^^J^i^^ 

celestial  echptic,  and  at  the  distance  of  ,.  ^       '        Vy.  ofAorQ  ^.^         

180^  from  the  earth,  he  is  always  90^  light,  or 8 ^r    vy.ofugiit  '  ^  •^^  ^"^ 

l)efore  the  point  towards  which  the  earth  •^^  "  ^  dwiactd  in  nootbcr  pagn.  far  iky 

is  moving;  the  aberration,  therefore,  in  »7'i}?«'  pu^t^V^'ubiet  nnemUy  giTo  •  uMe 

his  case,  has  always  its  greatest  value,  of  expressly  for  finding  tbts  disunbe,  fkon  tkeeoa- 

«0"846.    Italwayafifeotathelonptude  SJSSSSI  :.'i*i:.'Si??X:SS!!tiC^^* 

only,  being  u  Uw  plan,  of  the  oebptic,  uftcratm«riUiuttMiSteiML"  "- 


no 
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tk«;  Md •«■•  ksMiiaf  thii thM,  we 
may  deduce  from  the  planet's  |eoeeatrie 
bonry  or  diuroak  motioa.  the  arc  cor- 
icsponding  to  it. 

The  astronomical  fofmuls  Hot  aber- 
nticm  are  generally  founded  upon  the 
■ippoailion  that  the  motion  of  trie  earth 
in  the  cdiptie  is  circidsr  and  uniform. 
This  eoppoaition  is  nQt  Striel^  true; 
ana  to  be  mathematinlly  exact,  we 
•honld  take  into  account  the  Tahiition  of 
the  earth's  Telocity,  due  to  its  motion  in 
an  ellipse.  The  velocity  in  qoestion  not 
bsinc  constant,  neither  will  the  coefficient 
which  we  have  assumed  equal  to  8(r*24fi 
have  always  that  value,  but  it  will  vary, 
bcin^  erei^st  when  the  earth  is  in  its 
peribeuoii,ornearestthesim;  and  least, 
wlicii  it  b  in  its  aphelion,  or  fajrthesi 
from  the  sun.    These  variations  are. 

a  ever,  confined  within  very  smiUl 
ts,  owing  to  the  veiy  trifling  exeen- 
tricity  of  the  ellipse  in  which  the  earth 
■ovea;  m  ftct,  they  do  not  exceed 
•".003,  as  the  excentncity  of  the  terres- 
trial orbit  is  only  about  0,016,853,  the 
semi-aaDBmid^''^^  unity.  We  might, 
if  aaeeaeary,  allow  lor  them,  but  this 
would  Ilea  refinement  as  unnecessary  as 
taking  into  account  the  effects  of  the 
earth's  rotation,  or  the  diurnal  aberra- 
tioo  to  which  we  have  alluded  above. 

As  the  application  of  the  correction 
far  abinrration  is  of  constant  recurrence 
in  aatnmomy,  it  has  been  found  desir- 
able to  eonstroct  tables,  which  shi^l 
giw  the  eflbcts  of  aberration  t)oth  upon 
the  right  ascension  and  declination  of 
any  given  star,  without  compelling  the 
aetsonomer  to  make  use  of  the  alge- 
bnieal  Cormula  in  each  case.  To  ex- 
plain how  tlieee  tables  are  constructed, 
«•  moat  revert  to  the  principles  already 
laid  down;  namely,  first  that  the  abei^ 
ratkm  =  80^-246  x  sine  of  the  aqgle 
befaea  the  bod/s  real  place,  and  the 
diradion  of  the  eaith*s  motion :  *  and, 
scBMidly,  that  if  an  arc  of  a  great  circle 
be  drawn  from  the  star  to  the  point  of 
the  eolMtial  ecliptic,  90^  before  the 
earth's  place,  this  are  will  measure  the 
angle  eontained  between  the  direction 
of  the  caith*s  motion  and  the  line  join- 
ing tho  eaith  and  star,  being,  in  fact, 
the  nngle  on  which  aberration  depends. 
Nov,  Buppose  ijig.  40)  that  E  be  the 
earth.  BIO  the  edipticandBO  an  arc 
ef  00°.  let  8  be  the  place  of  the  star, 
then  08  will  be  the  gnat  eirole  in 
which  the  aberration  takes  place,  and 

•  matobartiimiUfc^Mfwy  waUifsaisi 


let  I  Sy  be  any  phme  the  eibct  of  aber- 
ration in  which  it  is  required  to  measure : 

Fig,  40. 


produce  O  S,  and  take  on  it  St  equal 
to  the  whole  aberration,  and  draw  from 
i,  i  s'  perpendicular  to  I  S  y.  then  s  if 
will  measure  the  deflection  from  the 
plane  \%  if  caused  by  aberration.  The 
triangle  Set'  \mxi%  extremely  small,  we 
may  solve  it  as  rectilinear,  and  then  we 
get 

tt'sSe.  lin.  yS«  =  St  sin.  ISO 
but  8 1  =  20"'246.  sin.  S  O,  by  the  prin- 
ciples already  laid  down 

.-.  t y  *:  20"S46. sin.  8  O  sin.  1  8 O 
=  20"'246.  sin.  O I  sin.  S  I  O 
tr  20"*246.  cos.  I B  sin.  8  I O 
should  B I  he  greater  than  £  O,  the  ex- 
pression is  the  same,  but  must  be  taken 
with  a  negative  sien. 

Now,  let  S  I  {fig,  41),  be  a  circle  of 
declination  meeting  the  equator  cfi  %  ^ 
in  t,  and  the  ecliptic  qp  I  £  in  I,  and 
let  S  S'  be  the  aberration  perpendicular 
to  I S.  Draw  through  S'  the  cricle  of 
declination  p  S'  t' :  call  the  angle  £  cy3 1', 

Fig,\\. 


which  is  the  obliquity  of  the  ecliptic  cu, 
and  qp  t,  which  is  the  right  ascension  of 
the  star,  a ;  and  let  qp  I  =  ^ :  we  have. 
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4sp  I#  bMng  a  righUiHiM  ipherioil       NowtV.  wfakh  k.tittrtlNRitlQm  « 
trumgle.  eot  f  »  cot.  w.  eo(..  ••  and    dadination. 


benoe  ^  may  be  etlcalated.    Now,  by 
what  has  preceded 

8  S'  =  20''*246.  coi.  I E,  SID.  8 1 E. 
but,  sin.  a  =s  sin.  ^.  sin  8 1  £• 

.•.  sin.  8 1 E  =  -: 

'  sin.  f. 

and  S  S'  =  20''*246,  cos.  I E, 


sm.  a. 


=  -  20^-.S46.  eor.BI. riik«II» 

dqX  im.  I  »    ■  .■   ^ 
sm.^ 

.%#j^«  .20»-W6.-SJi|?.«oa,EI 
molO 


«  +  go"-  S46  ""-Mfpy-tQ-h^ 

sin.  V 

but  lin.  M  ep  n  cos.  a  shi.  6 

cos.a.  sin.  d.  COS.  (O-f^ 
/.  SB's  20^*246. ^--x — ^^^-iZl' 


Sin.  ^. 
Agun,  IE  =cpE-cpI. 
s  Earth's  heliocentric  longitude  —  f  . 

/.  COS.  I E  =  COS.  (©  -  f),  but  ©  = 

180°  +  0. 

0  being  the  geocentric  longitude  of  the  Now  if  we  observe  the  finm  of  fiiese 

sun.  expressions  for  the  aberration  in  r^j^ 

•*.  COS.  I E  =  COS.  (180°  +.0  —  f).  ascension  and  dedinatioiu  we  shall  aee 

=  —  COS.  (0  -  ^*)  that  for  aiqr  given  star,  the  ang^  p  and 

•*•  substituting  B,  and  the  coefficients 

g  g/  -  _  20^^246.  '"*  **•  ^^''  ^®  "  ^^'  20^^' 246.  sin,  g^^^  2(F^'246,eoa.a>«n.l 

sin.  f .  COS.  2.cos.f                   sin.9 

but  #/,  which  measures  the  aberration  respectively,  may  be  cqnsidcrfid  aa-co^ 

,     .  .^                     88'    '.  .      ^.  stanl:  the  variations  of  a  aad;6,  en 

In  right  ascension  =  ;3^7^  «  being  the  which  they  depend,  being  ao  alow  «  to 

be  of  no  importance ;  on  the  other  haadL 


COS. 

declination  of  the  star 


.     J      ^.»^..  sin,  g.  COS.  (0  >- f).    ©  varies  from  day  to.  day.    In  oida; 

.*.#*'  =  20"'246. ,.     ,  ^.^  > then,  to  form  our  tables,  we  have  oalr 

Ti.:.    ♦K..   ;.  ♦!..      ""^^if;  fK.    to  calculate  for  each  star  f,^,  and  tht 


;^dtoTi:;  to  Ihe^^irde^f TeeSsSLn    ff^^Sl:?,^  "aIX^  JI^  Jjll!*^ 
iD  (;?F.  42).  and  let  the  equator  cp  Q    ™. ,  Nautical  Almanac,  or  the  Sohir 

meet'(L.cUsinMand1).thenMrs    l^''^'^S.:rf:fil!:^£ 


Fig.  42. 


the 

tion,  wluch  are  given  in  the  Tsbles 

of  Aberration.    To  the  logarithms  of 

the  sines  of  the  angles  thus  obtained^ 

we  add  the  logarithms  of  the  re^adive 

coefficients  ti^en  from  the  aama  taMca 

Hie  sum  of  these  lo^thma,  in  eaeh 

case,  will  be  the  logarithm  of  the  aba> 

ration  required. 

It  is  easy  to  see^  that  the  abemfion 

frill  be  greatest  when  the  nie  of  O— f^ 

in  one  case,  and  of  ©-f^t  m  the  other, 

are  greatest ;  that  is,  whmi  they,  are  i^ 

spectively  e^ual  to  unity :  in  this  case  the 

aberration  is  expressed  simply  bj  ths 

coefficients 

20"'  246.  sin.  a     ^  W'  246.  sin.  d.  eoi.  a 

1.  and  - 

co8.o.cos.f.  oom.B. 

the  pole  of  t  D,  aud  the  angle  «  M  D    consequently  these  coefficieDta  are  the 

=:  «  D  =  2 :  therefore,  in  the  triangle    maxima  of  aberratbn  m  ri^t  aaoenrion 


M  I  qp,  we  have 

M  <Y)  =  90°  -  a 
M  CY3  I  =  w 
1  M  CY3  =  180°  -  h 
hence  I  7,  which  we  shall  call  ^,  may 
be  eatUy  calculated. 


and  declination.  "We  have  tnentioned 
this  circumstance,  because  it  is  nnder 
this  name  that  they  are  generally  entered 
in  the  tables.  . 

We  have  already  explained  the  prin- 
d^cs  >QL\iioti'a\ak^  tha  abefrrataoA  of  a 
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pitnct  mty  be  ealeolated.    The  time  cession  of  the   equinoxes.    We   have 

employed  by  light  to  describe  the  radius  stated  that  the  intersection  of  the  equa« 

of  the  earth's  orbit  is  493''2.    If  K  be  tor  and  ecliptic  continually  varies,  re* 

the  rmdiua  of  the  orbit  of  the  planet,  ceding  in  such  a  manner  that  the  pole 

then  the  time  taken  by  liirht  to  describe  of  the  equator  describes  a  circle  of  23°. 

thedistanee  R:  493''2  ::  R  :  radius  of  28' radius  (nearly)   round  the  pole  of 

the  earth's  oibit  or  unity.    .*.  the  time  the  ecliptic.     Now  we   have   recently 

in  question  ^  493"'  *2  x  R.     Now  the  seen  that  exactly  the    same  apparent 

time  taken  by  the  planet  to  describe  this  effects  will  be  produced  by  the  rotation 

arc,  :  a  day  or  86400  seconds  ::  as  the  of  the  earth  round  an  axis  coinciding  with 

arc  itielf :  planet's  motion  in  a  day :    .*.  the  axis  of  the  heavens,  as  by  the  rota- 

the  are  in  question  tion  of  the  heavens  themselves.  If,  there- 

planet's  diurnal  motion  x  493*-2  x  R  fore,  this  supposition  is  to  be  adopted, 

~  86400*.  the  axis  of  rotation  of  the  earth  must 

x49^-2i^R  continually  vary  its  position,  to  coin- 

_   /tX4yj  ZXK,  ^^^g  ^11  j^  f^g  varying  positions  which 

86400.  the  axis  of  the  heavens  is  found  by  obser- 

fL  '.bring  the  diurnal  motion,  expressed  vation  to  assume :  the  stationary  points 

in  leconds  of  arcs,  of  the  earth,  the  extremities  of  this  axis 

or  aberration  =0"  -0057083  ^iR  *.  are  found  never  to  vary ;  the  motion  of 

This  expression  is  the  same  for  rjeht  the  earth,  therefore,  will  be,  on  this  sup- 

aseension,  declination,  longitude,  or  lati-  position,  a  motion  of  rotation  round  a 

tude,  provided  we  take,  m  each  case,  the  constant  axis,  the  position  and  inclina- 

respeekiTe  values  o(  jl.    As  long  as  the  tion  of  which  offer  a  slow  change.    A 

planet'a  motion  is  direct,  the  aberration  familiar  instance  may  serve  to  explain 

m  right  ascension  and  longitude  is  ne-  the  sort  of  motion  in  question.    A  top 

gaUve.  and  poiitive  m  the  other  <»sc.  when  spinning  is  often  seen  to  incline 

The  aberration  in  decimation  and  lati-  to  one  side,  and  to  perform  a  sort  of 

tnde  if  fi^gfa/tw  when  the  motion  is  conical  motion,  the  point  of  the  peg  con- 

towaide  the  north  pole,  and  pontwe  m  tinning  in  the  same  position.    The  top 

tlM  other  caae.  turns  round  many  times  in  the  course 

of  one  of  these  conical  revolutions;  it 

has   therefore  a  compound  motion,  a 

Chaptir  VII.  rapid  motion  of  rotation  round  its  axis, 

.  J  ®f  which  the  point  of  the  peg  is  the  one 

Om  the FrmxMiUm  of  the  Equinoxes,  and  extremity  and  the  centre  of  the  top  is 

lAe  Nutation  of  the  Earth's  Axis.  the  other,  and  a  slower  conical  motion 

.  of  the  axis  itself  upon  its  fixed  point, 

W«  bave  already  mentioned  that  Brad-  ^jth  which  the  motion  of  rotation  is 

lejTa  fint  notion,  when  he  discovered  combined.    The  parallel  is  not  a  very 

the  annual  vanationm  the  apparent  po-  ^^^e  one ;  the  motion  of  the  axis  in  the 

ritioD  of  the  fixed  stars,  was  to  attribute  top  is  rapid,  in  the  earth  almost  incon- 

it  to  a  motion  m  the  pole  of  the  heavens  ceivably  slow  (completing  a  revolution 

itself.    Further  observation  led  him  to  jn  about  25,000  years)  and  the  fixed 

abandon  this  theory,  but  he  had  occa-  j^jn^  j^  ^he  top  is  one  extremity  of  the 

riontofeaume  it  afterwards  for  the  pur-  ^xis,  fixed    chiefly   by  the  resistance 

poae   of  explaining  another   apparent  afforded  to  it  by  the  ground  on  which  it 

inegularity  which  he  discovered  by  a  ^ests.    The  fixed  point  in  the  earth  is 

yet  longer  and  more  labonous  course  the  ccnbre  of  the  axis,  which  rfetains  its 

of  obeenration.    It  will  be  convenient,  position  in  the  orbit  independently  of 

however,  before  we  proceed  to  explain  ^ny  such  mechanical  obstruction :  and 

the  nature  of  this  irregularity,  to  refer  to  the  axis  thus  projecting  on  each  side  of 

one  already  explained,  and  to  see  whe-  the  fixed  point,  the  parts  of  it  on  each 

tber  the  noUons  we  have  now  formed  gi^e  of  that  point  describe  similar  cones 

of  the  exiitence  of  motion  in  the  earth  vertically  opposed  to  each  other .♦    StiU 

do  not  furnish  a  more  easy  and  intelli-  _  ._ 

gible  aeOOUnt  of  it  than  we  have  hither-         •  The  UlusUatlon  may  be  carried  a  ttep  farther 

Iq  been  able  to  give.  The  top.  if  apun  on  a  hard  aod  MDooth  kurfacr.  will 

Thu  is   the  ohWIOmenOn  of  the  pre-  °",",!"l*;7*  "  .T*'**  con.lderable  regularity  and 

AMM§m  M    UK  |#Mwmw.M*..v».  ws   *••*,   |«  *.  relocity.  the  molloua  already  mentioned  remain- 

_^....^_^___^^__.__^___^__  Ing  unaltered,  the  whole  top  thua  moving  in  ipace, 

aod  having  combined  this  motion,  a  rapid  motion 

•  m  aad  B  In  tida  espffnrion  may  bt  feood  fron  of  roution  round  a  fixed  asia,  and  a  alowrr  ronicai 

moUoD  of  tbc  axis  lt««lf.    Tlit  motion  of  the  top 
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the  conception  of  the  motion  may  be  led  him  liow  t0  Id0pt  tht  mppotition 
rendered  easier  by  the  ilhistration;  and  theil  njected.  On  eomparison  of  ob- 
it will  be  seen  that  the  elements  of  which  servations  madt  at  different  timet,  he 
it  is  made  up  are  in  no  way  inconsistent  found  that  otae  of  these  start  beeama 
with  each  other.  And  if  they  are  not, this  neanr  the  pole*  while  the  other  became 
explanation  of  precession  furnishes  one  more  distant  from  it ;  and  that  in  this 
of  the  most  strikinie:  instances  which  we  case,  nnlike  the  former,  the  apprwh  of 
have  met  with  of  the  superior  simplicity  the  one  toactly  equalled  the  reeess  of 
introduced  into  the  system  of  the  heavens  the  other.  These  results  obviontly  oor- 
by  the  supposition  of  the  earth's  motion,  responded  with  the  supposition  of  a 
It  is  sufficiently  difficult  to  imagine  that  motion  In  the  pole  itself,  which  being 
the  sun,  the  moon,  and  all  the  stars  and  situated  exactly,  or  very  nearly,  tietween 
planets,  at  distances  almost  infinitely  va-  the  two  stars,  would  necessarily,  if  it 
rious,  should  all  revolve  round  the  earth,  changed  its  position,  approach  the 
even  for  a  sinf^le  day  in  tracks  correspond-  one  by  the  same  space  by  which  it  re- 
ing  to  the  supposition  of  rotation  round  c^ed  from  the  other.  If,  however, 
an  axis  with  which  they  have  no  appa-  the  pole  really  shifted  its  place,  it  would 
rent  connexion :  but  it  is  incomparaoly  aftct  thtf  right  Ascension  and  deditialion 
more  so,  to  suppose  that  this  axis  of  every  star  in  the  heavtenft,  fyt  Warn 
is  continually  changing  its  position,  depend  oh  th^lritUatibn  Of  the  pole:  And 
and  that  all  their  motions,  separate  the  efibetft  of  Its  taction  ubon  these 
and  independent  as  they  are,  are  con-  elements  toM  be  diseovtm  by  eom- 
tinually  changed  also,  so  as  always  to  putafioti.  If,  on  ihtestigmtinijt  these 
conform  to  that  same  supposition,  which  effieetft,  and  eompAriiig  theioii  With  the 
for  a  single  day  and  a  single  position  of  observed  phenominta  of  a  grctt  tiriefy 
the  axis  seemed  so  improbable.  If,  on  Of  stars,  taken  in  all  dlffietent  kitdations, 
the  other  hand,  we  suppose  the  earth  to  th6  results  were  found  td  coheapwid, 
revolve,  and  the  position  of  its  axis  of  there  could  ht  no  doubt  that  th^  wiBre 
revolution  to  vary,  all  these  apparently  really  occasibned  by  a  itaotibn  of  the 
independent  motions  are  explained,  and  pole ;  if  they  failed  to  do  ko,  then  some 
l>ecome  the  necessary  consequences  of  other  cause  must  be  soueht  for  them. 
this  one  supposition ;  which  involves  Now  it  was  found  that  they  did  accu- 
nothing  improbable ;  and  which  we  shall  rately  correspond  with  the  supposition 
hereafter  see  to  be  itself  the  necessary  that  the  pole,  besides  its  motion  occa- 
consequence  of  certain  laws  to  which  sioned  by  precession,  had  another,  which 
all  the  appearances  of  nature  conform  wie shall  prt>sently  more  ftilly  et|>lain,  but 
themselves.  which  made  its  true  plahse  occasionally 
We  have  already  shewn  how  Dr.  on  one  side,  and  occasionally  on  the  other 
Bradley  was  induced  to  abandon  the  of  its  mean  place,  the  mean  place  being 
notion  that  the  appearances  really  pro-  that  which  it  would  occupy  if  effected  liy 
duced  by  aberration  were  the  result  of  a  precession  alohi^.  The  place  of  the  pole 
motion  of  the  pole.  After  he  had  done  we  have  seen  to  l)e  determined,  on  the 
so,  however,  and  had  deduced  from  his  supposition  of  the  earth's  rotation,  by 
observations  the  theory  of  aberration,  the  position  of  ih6  earth's  atis:  the 
he  found  that  there  still  remained  ano-  earth's  axis  therefore  must  have  a  mo- 
ther irregularity  to  be  accounted  for,  and  tion,  sometimes  to  one  ^ide,  sometimes  to 
that,  on  comparing  together  the  obser-  the  other  of  its  tttean  position,  or  it  must 
vations  of  a  considerable  length  of  time,  have  a  slight  rolling  or  nodding  motion 
the  north  polar  distances  of  different  combined  with  the  continued  motion  of 
starswerestillfoundtovary  in  a  manner  precession;  and  this  motion  Is  called 
not  accounted  for  by  the  effects  of  re-  nutation.  The  apparent  irregularity  in 
fraction,  aberration,  parallax,  and  pre-  question  therefore  is  known  by  the  name 
cession.  It  is  remarkable  that  the  ob-  of  nutation^  or  thokv  fhUy,  the  nutatitm 
servation  of  the  same  stars,  7  of  the  of  the  earth's  axis. 
Dragon,  and  35  of  Camelopardalus,  It  is  found  that  the  motion  of  the  pole, 
which  led  him  to  attribute  aberration  to  thus  ascertained,  tnakes  its  true  place 
its  true  cause,  and  to  reject  the  supposi-  in  all  Case§  diffierent  from  its  mean  place ; 
tinn  of  a  motion  of  the  pole  to  explam  it,  and  that  the  true  place  may  always  be 

represented  by  suppol^in?  it  to  descMbe 

oTer  the  surftice  may  rfpreBent  the  motion  of  the  an  ellipse  round  the  mean  place,  which 

^:i^'^ .'.;:  ri.i.to.7.L%r.*h;rx.r.hi";i«J2 ««»":  p«x««i» « » "i^i' "»«««» the  poie 

•f  the  Mirth's  uii  which  oecMioosprecmioD.  of  the  ecliptic,  m  the  muuier  $kmdf 


vnj 


A8TR0N0MT; 


Ifli 


a|duncd  in  tnatinl^of  pracesiiion.  Thii 
ellipse  is  found  to  be  described  in  rtther 
aiore  than  I8i  years,  and  in  exactly  the 
time  in  which  the  nodes  of  the  lunar 
orbit  pjBrfaim  A  complete  revolution  on 
the  edipfic^.  In  fact,  there  is  an  inti- 
mate connexion  between  these  pheno- 
mena, tha  nature  of  which  will  be  ex- 
pliincd  when  we  come  to  treat  of  the 
Theory  of  Universal  Gravitation.  We 
will  only  observe  here,  in  order  to  give 
some  idea  of  the  nature  of  this  con- 
nexion, that  the  earth  not  lieinp;  a  per- 
fect sphere,  the  attraction  exercised  by 
the  moon  upon  it  will  vary  with  different 
positions  of  thtt  planet  with  regard  to 
theeatlh's  eqtUktor.  Now  these  posi- 
tions depend  upon  the  position  of  the 
lunar  orlnt  itself,  the  nodes  of  which 
describe  the  whole  circumference  of  the 
ecliptic  in  the  time  at)ove  stated.  At 
the  expiration  of  this  period  of  184 
years,  the  orbit  has  very  nearly  returned 
to  its  primitive  position :  the  attraction 
then,  and  inclination  of  the  earth's  axis 
consequent  upon  it,  return  to  the  same 
sisfte  too. 

Hafteg  then  acc|uired  some  idea  of 
the  cause  of  Nutation,  and  having  ns- 
eertuned  that  its  period  coincides  with 
i  ttfohition  of  the  moon*s  nodes,  let 
Qi  liow  proceed  to  examine  more  ac- 
curately me  laws  of  the  phenomenon, 
and  show  how  the  nature  of  the  orbit 
described  by  the  true,  round  the  mean 
pole  of  the  earth,  has  been  ascertained. 
On  the  one  hand,  the  comparison  of  the 
effects  produced  on  the  right  ascension 
and  declination  of  a  gpreat  many  stars ; 
en  the  other>  the  theory  deduced  IVom 
the  principle  of  gravitation,  show  that 
^  variation  in  the  obliquity  of  the 
eeUptic  produced  by  this  cause,  mav 
be  represented  by  the  formula  9'^ 
63.  eoa.  8,  where  Q  stands  for  the 
mean  longitude  of  the  moon*s  node: 
and  the  variation  of  the  place  of  the 
equinox  on  the  ecliptic  by  the  formula 
— 18".  sin.  S2*  cot.  2  a;,  where  lo  re- 
presents the  obliquity  of  the  ecliptic. 
Now  it  is  caqr  to  show  that  the  effects 
prodooed  on  the  right  ascension  and  de- 
clination of  a  star  by  a  gmall  simulta- 
neous variation  of  the  longitude,  and  Ihe 
obliqnityt  may  be  expressed  as  follows. 
Let  •  and  8  leproent  the  right  alcen- 
sioa  and  deeUnation  respectively ;  and 
if  a  and  tf  d  the  variationi  required. 
Take  ^  for  the  variation  of  the  longitude 
and  f  lor  that  of  the  obliquity.  Call  the 
longitude  *,  the  latitude  g,  then 


dB  ^  i^,  sin.  w.  cos.  a  +  f . sin.  a 
da  ^  -Jfr  {  cos.  t)  +  sin.  n).  sin. 
a.  tan.d.}  —  f.  cos.  a.  tan.  B, 
But,  ir    =  -IS^sin.  a.cot.2tt>. 

f     =  9^'.  63.  COS.   a . 
substitutinir  these  values,  and  assuming 
«  =  23^27'  52",  we  gel 

d  a  =  8".  4  sin.  (a-  ft )  +  1''.  23. 

sin.  (a  +  ft ). 
d  •  =  - 1 6".  51  sin.  ft  -  {8".  4.  COS. 
(•-ft)+  1".  23.cos;(«+ 
8)}tan.a^ 


*  InordertodcinoMtimtcthtczprc&«iontforrf« 
and  d  )  given  In  the  text,  let  at  e«ll  m  before  the 
obllquitjr  of  the  ecliptic  »,  the  tight  ascentlon  «, 
the  declination  ),  the  longitude  ^  the  latitude  0, 
By  spherical  trigonometry-- 

sin.  )  —  sin. «.  cos.  0.  vlil.  /3  -f-  cos. «.  sin.  0 


tan.  m  = 


—tan.  #.  sin.  ^  -f  »*p»  ^  «>*•  t* 


COS./3 


The  eStet  of  natation  Is  to- produce  a  small  aug- 
ncBtaUou  in  the  longitude  of  each  star,  and  a 
small  Tariation  in  the  inclination  of  the  equator 
to  the  ecUpUc.  These  changes  t>elng  in  themselves 
exirtmely  sinall,  wfe  may,  by  a  well-known  mathe- 
matical principle,  find  their  united  effect,  by  cal- 
cnlaUng  separately  their  respectire  cflTects.  and 
adding  those  tocetlier  for  the  whole  result.  Let  us 
consider  then  Brat  a  small  variaUon  In  the  longU 
tade,  In  which  ease  $  becomes  /T.  and  let  us  Snd 
the  correspondent  changes  in  m  and  t- 

Recurring  to  the  exprcsnions  for  «  and  ),  which 
now  become  «'  and  Y,  we  have  sin. )'  =sin.  $,.  cos. 
0.  sin.  ^  -f-  COS. «.  siu.  0  .*.  sin.  2*  -  sin  )  a  sin.  a» 

coo.  #  ^  sin.  jS'  ->  tin  3  I 
or  by  trigonometry — 
sln.i(jr-a).cot.i^l'  +  A    =   sin.  •. 

cos.  1. 1  sin.  1^0^i\.  cos.  1  r^'  +  ^)  I 

The  dllTerence  of  the  longltades  or  ff  —  fi  Is  In 
Ikct  the  quantity  which  we  have  called  >^  i  ^  -  I 
Is  the  nutation  In  decliuaUon  which   we   have 

eallcddS.    Henccsln.ll.  eos./)  +  fi  I  = 

sin. ».  COS.  ^.sln.  2t.coo.| /i-f  ^l 

Bnt  since  the  am  ^  and  d  )  are  Tcry  small,  we 
may  substitute  for  the  ratio  of  the  stnes  that  of 
the  arcs  tiiemselTcs,  and  conliotng  ourselres  to  the 
first  powers  of  these  arcs,  we  get 

M  »  _.  ,    ain.  *r.  COS.  ^.  COS.J3 
^'  cos.|. 

To  simplify  this  expression,  let  us  suppose,  in 
figure  43,  F^  to  be  the  pole  of  the  ecliptic,  P 
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The  formule  for  the  effSecU  of  the    the  Taluei  of  #  and  y^ 
•olar  nutation  are  exactly  similar :  but    this  case. 


diflwimL   In 


tbat  of  the  equator,  8  the  place  of  any  atar  whoa« 
cbanxea  of  pofllUon  we  are  conalderlo^ ;  E  C  M 
the  eqnator,  O  C  Q  the  ecliptic.  P  S  D  a  circle  of 
declination  pasatng  tbroogh  the  atar,  P'  8  N  a  cir- 
cle of  latitude ;  the  ^reat  circle  E  O  P  P  will  b«     itthiUtiitiiii'them  for  cos.  /3  iti  Talac,  we  g«t 


But  we  hat*  found 

coa.  I 


fM»*  e>«»  «... v*«.  »w<  k     i*it.i  urn 
are,  G  the  equinox  (auppoae  it  the 

Ternal);  let  PC.  VC  be  area  of  great  circlea 
retpectlvely.  Now,  in  the  apherical  triangle 
P  PS  the  aide  PS  ia  the  complement  of  the  de- 
clination, PS  that  of  the  latitude}  the  angle 
FPS  =3  PPC  +  CPS  =»0o-|-  «.  the  angle 
PPS  =  PPC-  CPS  =9(H».-/5.    Now, 

ain.  P8      ain.PFS 


coa.# 


.  ^      ^  ain.  m.  c 
coa.«> 
=  ^.t\n.»t.  coa. « 


coa.  tt  coa«  #■ 
coa.  # 


ain.  P8 

"ain. 

PPS 

coa.) 

ain. 

(900^0) 

coa.# 

"ain.  (900  +  «) 

coa. 

fi 

coa. 

m 

coa.0 

coa. 

acoa.1 

coa.  i 


'  Let  na  now  conalder  the  cffecta  produced  on  Um 
right  aacenaion,  by  the  motion  parallel  to  the  ccil|r 
tic,  of  which  we  have  been  trmitlnf.  Bj  aphvlcal 
trifooometry,  wehaye 

—  taa.  j,  ain.  a»  +  ^o-  ^  c^fc  m 

Suppoaa  BOW,  that  /3  becoming  pr,  mad  the  Istl- 
titode  remmiDing  conatant,  that «  beeomee  af^Ckw 

—  tan.  0  ain.  m  -f  ain.  /B^. 
conaeqaently 


Un 


or. 


_  -  tan.  $,  ain.  m  {coa.  /i  ->  coa ^}  -|-  coa.  ^  ain  (^  -  /3) 
» m  ^  tan.  A  —  /«      — hl\ 

coa.  P  coa.  A* 

ain.  (•>  -  a^    -  2Un.l.ain.a^ain.l(j9'  +  ^)aln.l  0^-/5)4.8111.(^-/3) 
coa.fff= 


coa. 


coa. /St.  coa. /Et^ 

m*  -  «  ia  the  nuUtion  in  right  aacenaion  i  it  ia  extremely  amall,  aa  la  alao  |S^  -  A  whieh  we  hse*  om. 
Yloualy  called  >^ :  we  may  then  anbatltnte  the  ratio  of  theaa  amall  area  for  that  of  their  alne^    Wt  in 
alao  in  erery  term  which  ia  multiplied  by  theae  amall  factora,  anppoae  ^  »  /S',  and  «  s  «*  |  htace 

>^.  coa.  •  «  {  -  tan.  #.  ain.  «.  ain.  ^  +  coa.  «  \ 
«'  -  .  or  d«  = ^-, ^ L 

From  thia  ezpreaalon  we  mnat  eliminate  3  and  $,  in  order  to  hare  temu  lnTol?lng  only  tbe  nsht 
aacenaion  and  decUnaUon.    For  thla  pnrpoae  let  ua  aubatituU  in  the  denominator  on  the  right  hSl 

coa.  ff.  coa.  i         .  ^  , 
aide,  for  coa.  /5,  Itt  Talue,  ■    ^  ^^     ,  we  obtain 

coa.*  J 

Recurring  now  to  the  fundamenUl  equationa  with  which  we  aet  out.  It  appears  that  aln. »  eoi.i 
ain.  ^  =  »in.  )  —  coa.  m.  ain.  i 

aubatitating  thla  value,  we  obtain  d     =  ^  {  —  aln.  $.  ain.  %  +  coa.  m  } 

coa.<| 

To  eliminate  ^,  it  ia  eaay  to  aec,  by  applying  the  fomroto  of  apherical  trigonometry  to  the  »*U"f** 
8  P  P  flg.  4$,  that  ,     *       ,  ^    , 

ain.  i  =  coa. «  ain.  i  -  ain. «».  coa.  3.  sin. « 
aabftitaUng  thia  ralue  of  aln.  $ 

d«  =  ^f  •[  -  aln.  %  (coa.  a<.  aln.  %  -  aJn.  i^  coa.  X  sin.  »)  -h  coa.  m  } 

coa.  <  2. 
=  ^  {  -  coa.  <<.  ain.  »  >  -f  aln.  a>.  aln.  >.  coa.  ^  aln.  ».  -j-  coa.  m\ 

=  >^{  coa.il>  (1  -ain.«»    .     .  , 

=  %^  {  cos.  «p.  H-  aln.  «>.  Un.  ^  ain. «  j- 

The  reader  will  obaerTe  that,  in  what  precedea, 
we  hare  only  considered  the  effecUi  produced  by  a     i^atn  aln.  2's 

amall  change  in  the  longitudes,  the  obliquity  re-  *     " 

xnaiiii  ng  constant.  Let  us  now  consider  the  effect 
of  a  amall  chanfce  in  the  obliquity  of  the  ecliptic, 
the  longitude  remaining  constant.    For  thia  pur- 


and 


aln.  #.  coa.  Qg  -  i») 
coa.  a: 


poae,  let  ua  take  the  equations 

sin.  )  =  sin.  a.  cos.  f.  ain.  /3.  -\-  cos.  ».  sin.  § 

—  tan.  i.  sin.  «  +  ain.  /3.  con.  m 

tan.  «=       -z 

coa. /3 

which  we  have  already  employed. 

sin.  /3 

Aasame  tan.  x  =  . t 

tan.  $ 


Un.  %.  sin.  (X  -  u) 

tan.  «•  = ' — — 

aln.  a; 


Now  let  1  become  «  +  ^«  /3  and  $  remaining  the 
aame,  X  ^^I  not  rary,  hot  )  and  «  will  chaife, 
and  become  ^  and  «'.  Thos  for  the  firat  of  thcaa 
quantiUea,  we  ahall  have 

gin  y  ^  riP'  ^  coa.  (;e  -  a>  -  ») 
coa.  a: 
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f   =  1".  34.  COS.  2  A*  d«=  -  7'M7«in.  R. 
Y^  =  -  1".  34.  sin-  2  A.  cot.  n),  f^^  g^^nie  general  formulae  will  also 
In  very  accurate  calculations  it  is  ne-  gg,^^  ug^  \q  show  how  the  apparent  pole 
ceitsary,  having  found  the  effects  of  the  ^f  j^g  equator  describes  a  small  ellipse 
solar  nutation   in  right  ascension  and  pound  the  place  of  the  mean    pole. — 
declination  respectively,  by  sut)stituting  From    what    has    been    already  said 
these  values  of  ^  and  Y^  in  our  general  about    nutation,  it   appears    that    the 
formule,  to  add  the  expressions  for  the  ellipse    in  question  is    of   very   small 
variations  thus  obtained,  to  the  respec-  dimensions :  we  may  then,  without  sen- 
tive  variations  caused  by  the  lunar  nu-  jj^ig  inaccuracy,  suppose  its  projection 
tation.     It  will,  however,  be  seen  that  on  the  concave  sphere  of  the  heavens  to 
these  terms  must  be  very  small :  when  ^^  ^^^  same  as  if  it  were  projected  on  a 
they  are  taken  into  account,  the  nut  a-  pjane  surface :   and  as  the  oscillation 
tion  thus  corrected  is  called  the  luni-  ^akes  place  round  the  mean  place  of  the 
solar  nutation.    As  the  object  of  this  g^ar,  we  shall  take  this  mean  place  for 
Treatise  is  rather   to    explain  general  ^^^e  origin  of  the  co-ordinates.     Draw 
methods  than  to  go  into  the  niceties  of  through  this  point  an   arc  of  a  great 
astronomical  calculation,  we  shall  for  the  circle  perpendicular   to  the  meridian, 
future  consider  the  effects  of  lunar  nu-  and  take  the  tangents  at  this  point  to 
tation  only.  the  arc  just  mentioned,  and  to  the  me- 
Let  us  now  determine  by  means  of  our  ^dian  respectively,  as  axes  of  rectangular 
formulae,  the  motion  of  the  equinox  in  co-ordinates.     These  co-ordinates  con- 
right  ascension  caused  by  nutation,  or  gequently  will  be  the  difference  of  de- 
as  it  is  sometimes  called  the  equation  of  clination,  d  B,  and  the  difference  of  right 
the  equinoctial  points.    In  the  case  of  ascension,  measured  on  the  ^eat  circle 
the   equinox  •  =  0  and  5  =  0,  and  perpendicular  to  the  meridian,  which 
therefore  d  •  =  —  1 6".  5 1 .  sin.  U  passes  through  the  place  of  the  star ;  or. 

This  then  is  the  difference  in  right  as-  [^  algebraical  language, 

cension,  between  the  true  and  the  mean  rr  =  rf  a 

place  of  the  equinox.    The  equation  m  y  =  d  a.  cos.  ^. 

declination  will  be  _^____ 1 '  

,  1  tin.  #.  sin.  ^  tin.  OC  -  « — a) 

.10.  i  :(y  -  J). ...  \  (y + » ^-^^^^ 

Bin.  OizJ)    y -^       *  ^«^"  '  ■*"•  /  tw»'  a:  =  •»".  A.  CM.  /. 

totetituUog  for ^.  -^  »"<*  P'**^"*  •••  ^  -  a- t^!^co«,#.cot.^ 

Bin.  J  I  «^  • 

-   ».  ^      V      ^  ^  .  But  cot.  #.  coi.  /}  a  cot. «.  cot. )  t  ' 

In  tbc  other  termt  of  tho  equatton  jr  s  i,  «r  b  «,     ^  ^^^  ^  ^^^  ^^  referring  to  the  trianglt  8  PP*, 
and  f  =  0,  we  obuln  conteqaently  ^«  , 

y  -  i  «  i -= z —  y  -  J  =  ^  iln. « (O 

cot.  #*  cot.  TC 

tan   m.     tin  %  Thit  then  it  the  effect  produced  on  the  decUnstioii. 

Bat       tln.C^-i.)=        -^v^~^  Now  for  the  right  fcenekm  _ 

.'.  Un.  «'  -  t«n.  «  =  Un.^ efn-^K 

-  2.  Urn.  ^  cot. «  cot.  a'  tin.  I  cot.  Oj;  -  •»  -  x^ 

.in.c«'  -  -) :-. as:^ 

Uting  the  tame  tubttitutlont  at  before  Again  at  before       cot.  A  cot.  ^  a  cot. «  cot.  X 

-«tan.fl.co».«  «icot.  (a;  -  •»)  .  _  .      %  '.        /j\ 

mi  -mmd^^-— "~^in~x "  .«.  d  « ^a  -  f  co«. «.  tan.  J.    .    .    .    (d) 

■In  1  cAa  V  ^c  hare  now  calculated  the  Talnet  of  d  «  and 

Bat                  coa.  {X  -  *)  ,  "n.tcw.^  ^  ^  rappodng  the  loogllude  and  obliquity  of  the 

tin.  $,  ecllpUc  to  vary  tucceaalvely :  to  get  the  effecu  of 

.J         ^  cot. »  tin.  »  tan.   ^  their  timnlUneona  rtriatlont,  we  hare  only,  at 

tin.  $.  tan.  X,  ***«••  •'•  ^^^  troall.  to  add  together  the  expret- 

.    1^^^       .1-  ^  *.«  V      .1-  a  *-.  A  '^on*  "Iready  obtained  for  d «  and  d  iretpectlTeW% 

Aatefore       tln.|.Un.A;  =  tin.^cot.#  thatb,(o)to(c),  andCOtoC^'^^axA^^llftV    _ 

Ad<i«  -^«^<"-*'L»lHJ.  da  =  4t\n..^coa.«.^^.%\tk.* 

cot.  #.  cot.  p 

4m»  ^  feot.  at.  -f-  «lfl.M  slo.  c  tan. )  |  .  f  cot.  «.  \an.  i 

*  il  to  U«  loflgltade  of  tbt  san.  ^ 
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Now,  if  we  refer  to  page  159.  ve  shall  The  major  ude  it  ia  the  direction  of  the 

find  that  these  expressions  become  axis  of  x,  and  is  a  tangent  to  the  meri- 

X  =  9"-63.  sin.  «.  COS.  Q  dian  passing  through  the  centre  of  the 

_  7»-]7.  cos. «.  sin.  J2  ellipse;  its  value  is  19"-36.    The  minor 

«  s  —  16"-S1.  sin.  {2  C0S.2  axis  in  the  direction  of  the  ans  of  y,  and 

-  i  Q^-ea  cos. «.  cos.  St  +  7"-l  7.  sin. «.  "  perpendicular  to  the  former ;  itsvahie 

sin  Q  lain  >  '*  1^^^^-    ^'*  i»iooT  <^  is  a  tangent 

.56  J     "  ■   ,        .   .         ,.  to  the  parallel  of  the  ecliptic,  wnidi 

If  between  these  two  equations  we  ,^^^  j^e  mean  pole  of  the 

eliminate  the  angle  8.  we  shall  have  the  ^      ,        ^f<^^  ^,^  t„  ^^„  it  j^ 

orbit  described  by  the  apparent  pUce  ^^s  of  this  parallel.  \»e  m\wt  divide 

round  the  mean  place  generally.    Our  Iv'.gi  by  the  Msine  of  the  distance  from 

object  IS  to  find  the  orbit  described  by  ^^     ,  '  f  j^e  ediptic.  or,  what  is  the 

he  apparent  pole  of   he  equator  round  ^   ^    ,;     „     ^\^  ^^^  ^^  the 

the  true :   consequently  in   this  case.  „,j^;  J;    jt  is  to  be  observed  that  it  u 

c  =  90°,  cos.  e  =  0.  sin.  «  =  +  1 :  and,  ^fiued  on  the  solstiUal  colure.  for  * 

further,  as  the  choice  of  the  meridian  on  ^  ^  recollected  that,  in  taking  the 

which  X  IS  to  be  counted  is  arbitranr.  ;     ,          j,      „^^ .  =  gO". 

let  us  take  that  which  passes  through  ^o  obtain  the  place  of  the  apparent 

the  poles  both  0  the  equator  and  eclip-  j   j   j    ^j,  ^^  ^^        ^       ^P^t 

tw ;  consequently  .  =  90°  «n. ,.  =  I .  *;         ^  ^ ,          ^|i^  ^^       ^ 

and  COS. .  =  0 ;  our  expressions  now  be-  ^  ^^  ^^  p^^jj^g  j^  ,^11,  cos, .  =  0. 

^™®  .,  ^  sin. « =  l,eos,)=  0,  sin.  2  =  1,  weget 
a?  =  9"-6.1.  COS.  R  a;  :=  9//.63.  cos.  Q 
y  =  -  7"'17  sm.  ^  y^  ^  7//.17.  Bin.  jj. 
^  »  (9''-63)«.  COS. «.  a  Referring  now  to  the  figure  and  can- 
yi  ^  {Vf-ny.  sm.».  a  struction  in  pw(e  63.  PM  =»PO,  eot. 
PHQ  •  Q  -  ^*  APO:  butAPO=  8.  or  the  loon- 
cos.     d6  -  (9„.g3^,  tude  of  the  moon's  node ;    P  O  =  P  B 

^t  =  9"'63  .'.  P  M,  which  is  the  absdsu 

sin.«  a  =  (fft7if:%  of  the  point  ;>  =  9"-63.  cos.    fi  ;  btft 

^  ^  fl  this  is  tne  value  of  the  abscissa  of  the 

•*•  1  =    , ;;  .    ,  +  rih^t  V^^^  ^^  *^®  apparent  pole :  p  then  wiD, 

(9  -bS)       (7*17)  as  has  been  stated*  be  the  place  of  that 

or  (9"G3)«   (7"'17)«  =  (9"-63)«.  J^''^-  pole. 

(7"- 1 7)«.  x\  The  Tables  of  Nutation  are  similar  is 

which  is  the  equation  of  an  ellipse  re-  their  form  to  those  of  Aberration.    It 

ferred  to  its  centre.    Now,  as  we  have  is  necessary,  as  in  the  latter  case,  to  ef- 

taken  the  place  of  the  mean  pole  for  the  feet  a  transformation  in  the  formi]da  bf 

centre  of  the  co-ordinates,  and  as  these  the  introduction  of  an  auxiliaiy  SBgh, 

co-ordinates  give  the  place  of  the  appa-  which  we    will  call  n.     The  ronnnte 

rent  pole  referred  to  it,  it  follows  that  already  obtained  for  the  nutation  in  right 

the  apparent  pole  describes  an  ellipse  ascension  and  declination  may  be  fhvt 

round  the  mean,  as  stated  in  page  63.  expressed, — 

d  m  =:  -^m  ,  cos.  et .  tan. )  .  cos.  SI  —  (n  +  p  .  sin.  « .  tan. ))  lin.  $) 
d^  =  m,  sin.  «  .  cos.  a  — *  p  •  cos.  «  .  sin.  a> 

when  m,  n,  and  p  stand  for  the  different  numerical  constants  employed  in  page  159. 

n  .  +  p  .  sin.  m  .  tan.  2 

Let  us  assume  cot.  n  =  -. z — 

m .  COS.  «  .  tan.  « 

•,  dm  St  —  fw  .  COS.  a  ,  tan.  J  {cos.  a  +  cot.  n .  sin.  a} 

«  (cos.  a  •  sin*  ti  -f-  sin.  a  •  cos.  n\ 
sa  •*  m  .  cos, « .  tan.  3  *  ■     ,  —I 


^  —  m  a  COS. « .  tan.  I , 


sm^t  n 

8in«  {*>  4-  a} 
sin.  n 


Nowm  may  remark  hereras  we  dVd  \tv  V\ve  ^i%s^  ^1  kVwxtaiion,  that  (he  angli 
f  Bad  the  coefficient  —  tn  •  coa.  a .  \an,)  ai«  coxvsX^iXkX.  Vst^^  ^axds^  i\ax«  ^ksk 
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for  many  yetn ,  ai  the  ehangrei  of  the  right  ascension  and  declination  caused  hy 
precession  are  very  small.    We  may  also  remark  that  the  nutation  in  right  a»- 

•I-  ft)  =  l,in  wh"  " 

m  .  COS.  «  •  tan.  ) 


precession  are  very  ,  _  ... 

cension  will  be  greatest  when  sin.  («  •{-  ft)  «=  1,  in  which  case 


sm.  ti 

The  coefficient  then  of  our  general  expression  for  dm  is  identical  with  the  maz^ 
mum  Talue  of  d  «. 
Let  us  now  take  the  expression  for  d  ^.    It  is 

m  .  sin.  «  •  cos.  ft  —  p .  cos. « •  sin.  ft. 
AMume  cot.  */  ^s  ^  .  cot. « 

{p       cos.  a  ) 

COS.  ft  -•  —  .  — : •  Sin.  ft  > 
m     sin. «  J 

.\dt  ^  m.  sin.  «  {  cos.  ft  —  cot.  1/ .  sin.  ft } 

m .  sin.  «    . 

— iiTT- ""•{«-"'}• 

Here,  ai  before,  t'  is  constant  for  the  same  star ;  and  the  coefficient      '. 

represents  the  maximum  of  the  nutation  in  declination. 

In  order,  then,  to  form  Tables  of  Nu*  more  than  a  few  years,  while  near  the 

tation  for  the  principal  fixed  stars,  we  Equator  they  may  be  used  without  al- 

caleulate  for  each  star  the  two  angles  «  teration  for  half  a  century.    The  reason 

and  4^,  the  logarithms  of  their  sines,  as  of  this  difference  will  be  explained  when 

well  as  those  of  the  two  maxima,  and  we  come  to  treat  of  the  formulae  for 

airange  them  in  tables.    The  calculator  precession.  Under  these  circumstances 

who  wishes  to  determine  the  nutation  of  dc  Zach,  and  other  Astronomers,  have 

any  star  in  right  ascension,  for  example,  given  special  tables  of  nutation  for  the 

finds  in  the  table  n^  to  which  he  adds  ft  rolar  star,  and  A  Ursso  Minoris,  stars 

(taken  from  the  Nautical  Almanac) ;  in  much  used  in  astronomy  for  the  deter* 

the  tables  of  logarithmic  sines,  he  finds  mination  of  latitudes  and  other  pur- 

the  logarithm  of  the  sine  of  {n  +  ft  ) ;  poses. 

to  this  he  adds  the  logarithm  of  the        Some  difference  exists  among  astro* 
maximum  which  he  finds  in  the  tables  nomers  as  to  the  exact  value  of  tha 
of  natation,  and  subtracts  the  logarithm  principal  constant  of  nutation,  or  the 
of  the  sine  of  «,  which  he  finds  in  the  semi-axis  major  of  the  ellipse,  of  which 
same  tables.    He  proceeds  in  a  similar  we  have  frequentlx  spoken.    Bradley 
mamier  for  the  declination.     By  this  estimated  it  at  9"-0 ;  Mayer  at  9"-65 ; 
means,  the  calculation  of  nutation  is  Maskelyne  9"-55  ;  von  Lindenau  from 
most  essentially  abridged ;  and,  conse-  observations  of  the  polar  star  during 
quently,  several  Astronomers  have  pub-  Ibree  revolutions  of  the  lunar  nodes,  at 
lished  tables  on  the  principles  just  laid  8"'977;  Dr.  Brinkley,  by  the  observ- 
down,  of  the  nutation  of  a  large  number  ation  of  161 8,  different  stars  at  9"-25, 
of  fixed  stars.    The  most  remarkable  of  Observations  of  the  pendulum  brmg  it 
these  are  the  Tables  of  Nutation  and  down  to  8"'6.    According  to  La  Place 
Aberration  for  1404  stars,  by  the  Baron  the  chances  are  21405  to  one  that  this 
do  Zach.    But  it  is  to  be  borne  in  mind  coefficient  is  not  less  than   9'''31,  or 
of  these*  and  all  similar  tables,  that  they  greater  than  9'''94. 
will  only  serve  for  a  limited  number  of       To  give  an  idea  of  the  way  m  which 
years,  as  in  fact  the  tangents  of  «  and  1/,  the  constant  of  nutation  may  be  deter- 
as  well  as  the  maxima,  are  not  constant,  mined,  we  must  recur  to  the  expression 
since  the  right  ascensions  and  declina*  for  the  nutation  in  declination,  page 
lions  which  they  involve  are  not  con-  159;  itia 
stant.    The  length  of  time  for  which  n^.8in.«»  •  cos.  «-|-^ .  sin.  «k 
thor  maj  be  considered  as  invariable.  Now  the  theory  o(  graNWaXiou  ^^:«fn% 
is  dtlEiBiiDt  for  different  stars :  near  the  that  ^^s  —  Sm  .mn.  ft  .e(A.%««  %3d^ 
Pols tlis ismtlofi  is  very eanrndtrMcp  f^m. cos.  ft ,>\iera m ia axivRiVxiQW^ 
mad  tlm  itUm  will  not  J?0  MerrkeMbk  hr  coostant.    Aa  {or  in  p«x\\cxi!^  i^^» 
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the  right  ascensioQ  i«  found  from  the  it  ii  alwayt  the  supplement  which  ii 
cataloifues ;  and  as  the  obhquity  of  the  given  in  the  tables  and  ephemeridef.  It 
ecliptic  is  known,  or  may  be  determined  ii  also  more  convenient  to  divide  the 
by  independent  methods,  every  thing  is  circle  into  1000  than  into  360]  parts ;  a 
known  m  the  expression  except  the  co-  simple  proportion  enables  us  to  turn 
efficient  m :  let  us  call  then  the  whole  degrees,  &c.,  into  thousandths  of  a  cir- 
expression  m  Q,  where  Q  is  a  known  cle.  We  find  in  this  way  that  the  sup- 
quantity.  Let  us  suppose  now  that  plement  of  the  longitude  of  the  node  for 
having  calculated  Q  for  a  given  star,  the  beginning  of  1830  is  519-38;  the 
we  observe  the  meridian  altitude  of  that  annual  motion  53*7269,  the  diumsl 
star;  this  meridian  altitude,  corrected  0-147098.  Thus,  if  we  call  the  number 
for  refraction,  will  give  us  the  apparent  of  years  from  1830,  /,  and  the  num.ber 
declination.  We  will  also  correct  the  of  days  from  the  beginning'of  the  year, 
apparent  declination  for  precession  and  /;  then  the  supplement  of  the  longitude 
aberration,  which  are  supposed  known,  for  a  given  day,  expressed  in  thousandths 
Then  the  true  declination  will  equal  the  of  the  circumference,  will  be 
apparent  declination  thus  corrected,—  5i9«38  -j-  53*7269  .  i  +  0*14798  ./. 
nutation  in  declination.  Call  the  true  „  *  •  *^  lo^n  j  .  .*  u- 
declination  A.  the  apparent  declination  ^oj-  years  antenor  to  1830.  i  must  be 

corrected  for  precession  and  aberration  ^^l""  ?»*»  ♦"•  "*^*'Tf-  "*!L^  *u.     u 

J  then          A  =1     mQ  Havmg  sufficiently  discussed  the  sub- 

'  Suppose  now  Ihe'same*  star  be  ob-  i^^  ^^  Nutation,  we  shali  now  resume 
served  again  on  another  day,  the  true  *"«  consideration  of  Precession,  and 
declination  remains  the  same.  Ui  the  f*^^ow  how  its  effects  may  be  ^ 
apparent  declination,  corrected  as  before.  }^^^  "f^  u-}^^  for.  In  what  hu 
be  y,  and  Q'  the  coefficient,  then  ^P  «»ld  hitherto,  we  have  taken  no 
'  ^  notice  of  a  slow  change  in  the  obhqmty 
A  =  y  —  m  Q'  of  the  ecliptic  which  complieatet  the 
/.  J  -  y  =  m  .  (Q  —  QO  results.  In  speaking  of  precession  wc 
)  _  y  have  considered  merely  the  general  mo- 
.'.  m  =  rr — TTf.  tion  of  the  stars  in  longitude,  while  thor 
^  "  ^  latitudes  were  supposed  to  remain  un- 
By  repeating  these  observations  we  may  altered.  But  the  attraction  of  the 
multiply  indefinitely  equations  of  this  planets  upon  the  terrestrial  spheroid 
form,  and  the  mean  will  give  us  m  with  causes  a  displacement  of  the  celiptie. 
all  desirable  accuracy.  It  was  by  ob-  which  would  not  .take  place  were  tht 
servations  of  this  kind  on  the  pole  star  earth  perfectly  spherical.  The  angle  st 
that  von  Lindenau  found  for  the  con-  which  the  ecliptic  is  inclined  to  the 
stant  of  nutation  8"* 9 7 7.  equator  experiences  a  slow  diminutioai 
It  may  be  as  well  to  explain  here  how  the  effects  of  which  are  certunly  snail, 
the  arc  Q  is  calculated.  The  lunar  but  which  it  is  necessary  to  take  into 
theory  teaches  us  that  the  node  retro-  account  and  to  allow  for  in  verv  aecv- 
grades  annually  19°  .  20' .  30".  or  in  rate  calculations.  In  fact,  this  diminu* 
other  terms  19°'34166.  We  also  know  tion  is  so  small  that  its  existence  wu 
that  on  the  1st  of  January,  1830.  the  long  contested,  but  it  is  now  established 
longitude  of  the  node  was  5^.23'.! '''IS-  as  well  by  theory  as  direct  observation. 
By  subtracting  from  this  arc  the  annual  The  problem  we  shall  first  consider, 
retrogradation  taken  1,2,3  .  .  .  .  times,  however,  is  to  calculate  the  effects  pro- 
we  shall  have  the  longitude  of  the  node  duced  on  the  right  ascension  and  de- 
at  the  commencement  of  the  successive  clination  in  a  few  years  merely,  and  for 
years  1831,  1832,  1833  .  .  .  .  and  we  this  purpose  we  may  suppose  the  ob- 
may  find  the  longitude  for  any  day  of  liquity  of  the  ecliptic  constant.  We  may 
these  years  by  subtracting  again  so  also  suppose  the  increase  of  longitudCi 
many  times  the  daily  retrogradation.  or  or  the  absolute  quantity  of  precession 
3'  .10"  .64  =  0'=''0529r>5.  It  is  found,  constant,  though  in  fact  this  quantity 
however,  in  calculation,  that  addition  is  varies  very  slowly  from  year  to  year. 
always  more  easy  than  subtraction.  As  We  may  now  proceed  as  in  finding  the 
the  longitude  of  the  node  decreases,  the  nutation,  by  taking  the  formuliB  which 
supplement  of  this  longitude  to  360°  in-  express  the  right  ascension  and  dedint- 
creases ;  it  is  then  more  convenient  tion  in  terms  of  the  longitude  and  lali- 
instead  of  subtracting  the  motion  of  the  tude,  and  ascertaining  the  changsn  pro- 
node  in  longitude,  to  add  the  supplement  duced  in  them  by  a  small  yariatiaa  in 
of  the  node's  longitude;  consequently  the  longitude  only.  Thus  we  found  fron 
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till.  %  m  sio.  S0,  COS.  /•  siD.  fi  +  cot. «.  sin.  $ 

by  supposing  )  to  become  y.  when  /s  became  ^,  that 

y  -  I  or  (/)  =  V'*  sin*  a'*  cos.  • 
and  again  from 

tan      =  *-  ^"'  ^'  *'^"'  <>»  "^  »^"'  jS*  COS.  #» 

**  COS.  A 

that 

d  »  :=^  yp.  {cos.  «  +  sin.  #.  sin.  «.  tan.  )} 

In  these  expressions  ^p,  and  the  angle  «  are  supposed  constant  :_let  us  call 
^  •  COS.  «  =  m,  and  ^p  •  sin. «»  =  fi,  then 

d»  —  m  +  n.  sin.  «.  tan.  J* 
cf )  =  n  COS.  « 

According  to  the  best  modem  determinations,  if  we  call  t  the  number  of  years 
elapsed  since  1750» 

m  =  46"-02824  +  0"'00  030864  50'^ 

n  =  20  -06442  -  0  -0000970204'/ 

*Ihe  smallness  of  the  coefficients  of  t  methods.    It  is  sufficiently  evident,  that 

shows  sufficiently,  that  for  at  least  ten  by  employing  a  considerable  number  of 

years,  (even  for  purposes   where   the  stars,  these  quantities  may  he  found 

greatest  exactness  is  required)  that  m  with  great  accuracy.    But  m  =  V'.  cos.  « 

and  n  are  sensibly  constant.     In  re-  and  n  =  i/^.  sin.  «>;  hence  the  annual 

searches  of  less  nicety,  a  longer  period  precession    and  the    obliquity  of   the 

may  be  assumed :  in  fact,  in  thirty  years  ecliptic  may  be  found :  but  it  is  the  for- 

the  difference  will  not  exceed  a  hun-  mer  quantity  alone  that  is  usually  the 

4lredth  of  a  second :  so  that,  for  the  subject  of  these  researches, 

ordinarjr  purposes   of  astronomy,  we  The  constant   yp   thus    determined, 

may  faurly  assume  m  and  n  as  constant  gives  us  the  effect  of  the  whole   or 

/or  half  a  century.  general  precession :  that  is,  the  motion 

It  is  easy  to  see  how  m  and  n  may  be  which  results  from  the  combined  effects 

deduced  from   observation.     Suppose  of  the  variation  of  the  obliquity,  and 

the  right  ascension  and  declination  of  of  the  general  motion  of  the  stars  in 

suiy  itar  to  be  ol)served  at  epochs  dis-  longitude.     The  former  is  caused  by 

tant  by  an  intervid  of  ten  years:  the  the  attraction  of  the  planets  upon  the 

tenth  part  of  the  variations  observed  spheroidal  figure  of  the  earth ;  the  latter 

will  give  the  respective  changes  for  one  by  the  attraction  of  the  sun  and  moon 

jear.    Thus  dmaaddi  are  known  in  only;  it  has  thence  obtained  the  name 

our  expressions  for  the  annual  variation,  of  Lunisolar  precession.    It  is  easy  to 

civen  above :  and  every  thing  is  known  see    how   the    variation    of  obliquity 

m  our  two  equations  except  m  and  n,  modifies  the  lunisolar  precession, 
may  tie  found  by  ttie  ordinary 

^'  44.     ; 


7n 

*  For  ttwi  BMT  the  pole,  wboae  declloatlon  li 
TCiy  conldcrftble.  Ua.  )  Increue*  ao  rapidly  with 
wmll  AaasM  In  ^  that  the  annual  Tariation  In 
light  aaceptlop  cannot  be  regarded  as  constant 
«««•  Iter  •  tmall  period  of  years.  This  Tariailon 
OHMteltlMr  bo  calculated  from  year  to  year  with 
cwinpoadlof  new  ralnes  of  »  and  ),  or  It  must  be 
foiuMl  by  taking  Into  account  the  second  differences 
InUMVHfaHoaa.  Ifwe  differentiate  the  expressions 
•lM«ir«ktaiMd  for  tf  «  and  <l),  and  multiply  by 
aln.  l*,l»|tC  Um  result  Id  seconds  of  arcs,  irt  shall 
hMf  mr  tfa  ■ceood  dlffcreocct 


<l*i 


{  COS.)    j 

tf  *)  s=  —  »  sin.  «,  d  ».  sin.  l'* 


It  Is  farther  to  be  obserred,  that  in  the  catalognea 
of  stars,  and  the  right  ascension  and  its  variations 
are  Renerally  given  in  ftaie,  not  in  space ;  the  cir- 
cumfrrence  being  divided  Into  224  bonra  Instead  of 
S60 degrees.  The  values  then  ot  d  »  and  d*  » 
must  be  expressed  in  timet  which  Is  done  by  di- 
Tiding  them  by  15  :  since  16®  arc  eqialvaleait  ^ 
one  hoar. 


m 
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Let  a  g  be  the  edipUe  (fig.  A4),fg 
the  equator  at  a  given  epoch.  At  the 
end  of  i  years  from  this  time,  the  ver- 
nal equinox  g  has  moved  to  him  h  will 
be  the  second  position  of  the  equator : 
^  A  will  be  thefunisolar  precession :  the 
effects  of  nutation  are  supposed  to  have 
been  already  allowed  for,  and  are,  there- 
fore, not  taken  into  account  here,  as  we 
are  only  comparing  the  mean  positions 
of  the  equinox  and  equator.  Now,  the 
action  of  the  planets  displaces  the  eclip- 
tic q  a  by  B.  small  quantity,  and  at  the 
end  of  t  Years  has  brought  it  into  the 
position  o  q.  The  new  equator  h  m 
cuts  the  new  ecliptic  under  the  angle  a, 
and  the  old  ecliptic  a  g  under  the  angle 
A^,  which  differs  by  a  small  quantity 
from  the  old  angle  «.  Thus,  cyD  is  the 
new  vernal  equinox,  and  n  the  new 
obliquity.  The  longitudes  and  right 
ascensions  were  originally  counted  flrom 


g  towardf  a  and  towards/;  they  are 
now  counted  from  cp  towardi  b  and  to* 
wards  m.  On  qb  take  q  n  eqjual  to  ^ g, 
cf)  n  will  be  'the  totcU  precession,  which 
is  evidently  less  than  g  A,  the  luntsolar 
precession. 

In  comparing  the  positions  of  stars  at 
very  distant  periods  of  time,  it  is  abso- 
lutely necessary  to  allow  for  the  change 
in  the  obliquity  as  well  as  that  in  lon- 
gitude. Tne  method  of  doinz  this  is  as 
follows.  The  position  of  the  star  at 
some  given  epoch,  as,  for  example,  the 
year  1750,  is  known ;  that  is,  its  right 
ascension  and  declination  are  given  in 
the  catalogue.  The  obliquity  of  the 
ecliptic  for  the  same  year  is  also  known. 
With  these  data  we  can  calculate  the 
longitude  and  latitude  of  the  star  for 
the  epoch  in  question.  This  is  done  by 
means  of  the  formulae- 


sin.  ^  =  -  sin.  4tf.  cos.  %,  sin.  a  -{-  cos.  a.  sin.  3 

.       „      tan.  i.  sin.  «  -j-  sin.  «.  cos.  « 

tan.  /s  =  ! 

cos. «. 

JFUg.  45.  ^^^     ^  tan,  m.  sin,  (x  +  ^) 

8in.;c 


tan. 


Having  thus  found  the  lon^tude  and 
latitude  for  the  epoch,  ^  and  ^,  we  add 
to  fi  the  arc  >^,  which  is  the  precesskm 
for  the  given  interval  along  the  ediptio 
of  1750  considered  as  invariable,  and 
corresponds  to  ^  A  in  our  figure.  Ac- 
cording to  the  best  authorities, 

rm,         1                 4-fu-"     ir#ii.  >;'  =  50.''37572.<  -  0''0001217945/« 

The  reader  may  satisfy  himself  of  the  y,here  t  expresses  the  number  of  years 

accuracy  of  these  formuffi  by  consider,  counted  from  1 750.    We  must  now  cal- 

mg  the  spherical  triangle  p  //  s  where  culate  the  new  obliquity  of  the  equator 

p  represents  the  pole  of  the  equator,  p'  to  this  same  ecliptic,  or  the  angle  J  in 

the  pole  of  the  ecliptic,  s  the  place  of  the  quj.  figure     Now 

star:  p  *  =  90°  -  I  p'  s  =  90°  -   f,  \f  =\  +  0'  00000984233/« 

pp'  =  ^,p  p*  =  90°H-  «  (It  will  be  and  «  which  is  the  obliquity  of  the 

recollected  pp'  is  necessarily  m  the  sol-  ecliptic  for  1750  =  23°  28'  1 S''.    Then, 

stitial  colure),  pp'  *  =  90  -  ^.  ^^h  the  longitude  iS'  =  /5  +  >/.,  the  lati- 

sin.  a  tude  ^  and  the  obliquity  */  we  must 

calculate  the  right  ascension  and  decli- 
nation of  the  star  with  reference  to  the 


Assume  tan.  x  = 


tan.  ^ 


Then  by  substituting  for  sin.  «.  in  the  "*"""  V-     ^"^«'>  «te«nce  w  me 

preceding  equations,  the  value  tan. ;,.  '^IZt^'lSi'jS^i'J^^ 

t,an    0  Wli  fTC\.  wiiA  van  iiicsc  new  cuurviiiiciLCS  *    ttuu  v^a 

'  '       ^        .  They  are  obtained  from  formulee  ex- 
sin.  $  =  sm.  3.  cos.  {x+  •»}  actly  analogous  to  those  which  wc  baife 
COS.  X  already  had  occasion  to  employ. 


and 


sin.  y  =  sin.  •'  cos.  4,  sin.  ^  -\-  cos.  •/.  sin.  /. 
tan  mf  =  "^  ^^"*  ^'  s'"'  •^  -\-  sin,  /s^  cos.  •/ 

COS.  ^ 


These  formulae  are  deduced,  exactly  as  those  above,  from  consideration  of  fbi 
wpherical  triMglepp'  s  between  the  poles  of  the  equator  and  ediptio  and  ttn 
place  of  the  star.    To  adapt  them  to  Vog^^hink  coTxv^M\A.\ii;^Ti,  ^saumo 
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^      tTinT? 
•in.  y  s  GOf.  #  {sin.  J,  sin*  ^  +  oos. »,'.  tan.  ^} 

--*-  ^  f  ■      J    •     ^1  j^  COB.  i/.  sin.  /a'l 
«  COS.  ^Jsrn.  •/.  sin.  ^  +  — tiirT^} 

-  COS.  /.•  sin.  /i'  |»i">i>>^"n.^+cos../.cos.^] 

COS.  f,  tan.  ;g^.  tan.  ^  cos,  (x^  ^  •/) 

sin.  V 
sin.  i.  cos.  (;^  -  A^) 


COS.  ;i; 


AgAlB 


.        .  sin. «/.  sin.  j3'  +  sin.  ff  cos. «/ 


cos.  A'. 

.      ,r     sin,  J.  COS.  ;t;^+  CO*'  ^'•^  ""*  7c!\ 
«  sin.  ^  I  ^t.  ff.  i\jx:^  J 

tan.  ^  t^  t  t        t\ 
«    -. — ^  sin.  ix  —  •n 
sm.  a/        ^ 

^  We  know  in  this  wajr, «  and  /s*  the  mula  already  employed  for  such  pur« 

light  ascension  and  declination  referred  poses.    In  aU  the  foregoing  expressions, 

to  the  new  equator  m  h.    But  the  for-  it  is  necessary  to  attend  to  the  sign  of 

mer  it  counted  from  the  equinoctial  /,  making  it  negative  for  years  anterior 

point  A,  while  the  equinox  is  really  at  CY3.  to  1750,  positive  for  years  posterior  to 

The  are  qp  A  represents  the  motion  of  that  time. 

the  equinoctial  point  in  right  ascension.  An  example  will  illustrate  the  prin- 

It  ii  neoetsaiy  to  subtract  this  arc  from  ciples  here  laid  down,  and  at  the  same 

tlie  right  ascension  of  the  star  just  cal-  lime  show  how  the  theory  of  precession 

eolatM  to  get  its  true  value.    Now  the  may  be  applied  to  test  the  authenticity 

ue  cp  A  b  thus  estimated.  From  h  draw  of  ancient  observations.    According  to 

h  p  perpendicular  to  q'b;  the  triangle  certain  Chinese  authors,  it  appears  that 

cy>  Ad  may  be  considered  as  rectilinear ;  Tcheou-Kong,  regent  of  China  about 

for  the  angle  at  9  is  very  small,  even  the  year  1100  before  Christ,  observed 

after  the  lapse  of  a  great  many  centu-  the  position  of  the  winter  solstice,  and 

net.      Solving,  then,   this  triangle  as  found  that  its  right  ascension  exceeded, 

netilinear,  we  have  by  two  Chinese  d^p^*es,  the  right  ascen* 

u       ^P   u  *            A^-cyDn  sion  of  the  constellation  NO,  which  con- 

*^          TOsTn'  °"*^P  =  "cosTii —  stellation  begins  with  the  star  that  the 

moderns  have  named  f  Aquarii.    Now, 
two  Chinese  degrees  are  equivalent  to 


COS.  R  "  cos.  Q 


COS.  «  1°  58'  17"  of  our  division  of  the  circle. 

when  ^  represents  the  lunisolar,  and  ^  The  right  ascension  of  the  winter  solstice 

the  gener^  precession.    According  to  i«    270*':    if   we    subtract  from   this 

Btiwl,  1°  58'  17",  we  shall  have  268*^  i'  43'' 

Mi^u  ^mmmr%A      ^.if  maai.>  ^  ^^ab.  j.  ^ot  thc  right  asceosion  of  I  Aquarii  as 

t'*.rof?o2!Tr°„°„"„',oi??l^«  observed    by  Tcheou-Koni?.  ^Let    us 

fu^  *  V""'±  "■ .  "^"^^  ^^^^V,  compare  our'  observation  with  the  real 

Itamg  the  number  of  years  counted  ^nht  ascension,  as  determined  by  our 

ifo^a  1 7o\tm  /ml 

ll=.-0-"52I14/-0-"  00000  272295/»         Accorfing    to    modern   cafalo^nes. 

Call  QP  A,  f,  then  «'  - 1  will  be  the  right  at  the  beginning  of  the  year  1 750,  the 

ascension  of  the  star  counted  from  the  longitude  of  1  Aquarii  was 
equinox  cys :  the  declination  is  V:  with  /S  =  308°  14'  10" 

tbete  quantities  and  the  obliquity  n,  we  Its  latitude  /  =      8^    G'  2U" 

Mr,  if  necessary,  calculate  the  longi-        To  find  the  preceatnoiv  c^ii  V\i«  ^ifti^. 

im  and  latitude  0////0  star  by  the  for'  ecliptic  ot  1750,  we  in»a>\.^^\3Dk>2cA«i^- 
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prestion  for  V^i  /  »  —  2ft50,  times  ante-  the  Ist  of  Jammiy,  1800,  wai  133^  W. 

riorto  1750  being  considered  negative:  But  if  it  were  really  in  the  pole  of  the  ma- 

•^  thus  becomet  -  40^  2^  43".    In  fact»  tor  at  the  time  of  Eudoxui,  the  circle  of 

it  is  evident  that  for  times  before  the  latitude  which  passes  through  it  most  at 

epoch  selected,  the  precession  must  be  that  time  have  passed  throiuh  that  pole: 

subtracted  from,  instead  of  added  to,  consequently,  the  star  must  have  been  in 

the  longitudes.     Consequently  x  +  ^  the  great  circle  passing   through  the 

=  278. 11.  27  :  with  this  new  value  of  poles  of  the  equator  and  the  ediptie, 

the  longitude,  with  the  latitude  ^,  and  which  great  circle  is  called  the  solstitial 

the  obliquity  •/,  calculated  by  our  for-  colure.    The  longitudes  being  counted 

mulae,  we  shall  find  the  value  of  the  from  the  equinox,  whidi  is  90^  from 

right  ascension  268^  8'  31".    We  must  the  solstice,  it  follows  that  the  longitude 

,    ,  ^       ,        ^  ^  —  ^  of  the  star,  when  in  the  pde,   must 

now  calculate  ^\  and     ^^^  ^   =   -  have  been  90*»;  the  difference  between 

0^  42'  4l"-5.  This  being  the  motion  of  this  and  133°-26  is  43o  26'.  To  fimi 
the  equinoctial  point  is  to  be  subtracted  out  when  this  took  plsce.  we  mu^  di^ 
from  the  right  ascension  above  obtained,  vide  this  quantity  by  the  amountof  \bt 
and  we  shall  ultimately  get  the  right  yearly  precession,  or  60"-23.  This  di- 
ascension  of  i  Aquarii  for  the  year  1100  vision  gives  us  3110  years  for  the  epodi 
before  Christ,  referred  to  the  real  equi-  «  question,  or,  as  these  une  to  be 
nox  =  268°  51'  16".  This  surpasses  countedfromtheyear  1800  after  Chnst. 
by  49' 33"  the  determination  attributed  1310  years  before  Christ  We  know, 
to  Tcheou-Kong.  The  difference  is  however,  firom  other  sources,  that  Eu- 
very  trifling,  considering,  in  the  first  doxus  lived  about  400  B.C. :  it  appears 
place,  the  difficulty  of  making  the  ob-  then  that  he  could  not  have  described 
servation,  and  in  the  second,  the  uncer-  the  state  of  the  heavens  as  it  Wieared 
tainty  in  which  we  are  as  to  the  exact  in  his  time,  but  that  corresponding  to  a 
time  in  which  Tcheou-Kong  flourished,  penod  anterior  by  mne  centunei.  It » 
Were  we  to  carry  this  date  half  a  cen-  true  that  our  calculations  have  been  of 
tury  farther  back,  the  whole  difference  a  very  rough  kind,  as  we  have  sup- 
would  be  removed.  posed  the  precession  uniform,  while,  on 

Other  observations  made  by  the  same  the  contrary,  we  know  it  to  be  subject 

prince   give   for  the  obliquity  of  the  to  a  small  secular  variation ;  but,  on 

edipUc,  as  observed  by  him.  23053' 4  7".  the  other  hand,  any  greater  deme  of 

Now,  according  to  our  formulae  for  the  nicety  woukL  be  misplaced,  as  by  the 

law  of  the  diminution  of  the  obliquity,  the  naked  eye  the  position  of  the  pole  could 

value  in  the  time  of  Tcheou-Kong.  sup-  not  be  determined  very  exactly. . 
posed  to  be  1100  B.C.,  was  23°  49'  2":        In  fact,  it  appears  that  the   star  » 

the  difference  is  4'  5" :  which  is  really  Braconis  never  has  been  in  the  pole  at 

surprisingly  small. 'considering  the  na-  aJl»   ^  niay  be  easily  shown.     To  do 

ture    of  the    instrument   employed,  a  ^*ns,  we  must  ascertain  its  dedinatioa 

vertical  gnomon  of  eight  feet.  when  in  the  solstitial  colure ;  for  it  is 

Thus  also.it  is  stated,  that  Eudoxus.  a  only  when  in  this  colure  that  it  could 

Greek  astronomer,  who  lived  about  four  h*ve  been  in  the  pole,  and  its  declma- 

cenluries  before  Christ,  had  observed  tion  at  that  moment  should  be  90^  Now 

that  in  the  celestial  sphere  there  was  a  ^e  may  suppose  the  latitude  of  the  star 

star  which  corresponded  to  the  pole  of  in  the  year  1310  B.C.  to  be  sensiblv  the 

the  equator.   It  could  not  have  been  the  **nie  as  at  present,  that  is,  =  61^  44. 

star  now  called  the  polar  star,  which  at  A.t  this  time,  the  circle  of  latitude,  being 

that  time  was  far  removed  from  the  on  the  colure,  and  consequently  perpen- 

pole.    From  what  we  hate  already  said  dicular  both  to  the  equator  and  ecliptic, 

about  precession,  the  reader  is  aware  ^^  *  circle  of  declination  also.  If,  then, 

that  the  pole  of  the  equator  moves  in  a  ^e  add  to  the  latitude  the  obliciuity  of 

circle  parallel  to  the  ecliptic,  round  the  ^^e  eelipUc,  we  shall  get  the  decimation 

pole  of  the  latter.    We  must  then  look  required.     Now  the  obliquity  of  the 

along  this  parallel  to  see  what  stars  are  ecliptic  at  that  epoch  was  23®  55',  very 

situated  near  it:    we  shall   find   that  nearly,  adding  this  to  61°  44'  we  get 

there  is  but  one  sufficiently  briUiant  to  S^°  39';   the  star,  consequently,  when 

have  been  observed  in  those  days,  when  nearest  to  the  pole,  was  considerably 

the  use  of   telescopes  was    unknown,  more  than  four  degrees  distant  from  it 
This  star  is  «Draconis.  According  to  our         Generally     speaking,     calculations 

€atalo£;ues,  the  longitude  of  this  star,  on  founded  on  the  motion  of  the  ilait 
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ctused  by  praeesston  are  of  cn^eat  use  in 
chronological  inquiries.  Iliey  afford 
meaxiSt  as  also  do  solar  and  lunar 
edipsesy  of  verifying  many  important 
dates.  The  ancients,  who  did  not  enjoy 
the  advantage  of  an  uniform  chronolo- 
gical system,  such  as  we  possess,  fre- 
quently had  recourse  to  astronomical 
phenomena.  They  were  in  the  habit 
more  particularly  of  referring  to  what 
are  called  the  heliacal,  cosmical,  and 
acronycal  risings  of  certain  stars ;  and 
not  merely  are  these  used  by  historians, 
(as  when  Thucydides  refers  an  event  to 
the  heliacal  rising  of  Arcturus,)  but 
the  poets  teem  with  allusions  to  them ; 
so  much  so  that  many  passages  must 
be  unintelligible  without  we  know  the 
times  at  which  certain  stars  or  constel- 
lations, more  particularly  Capella,  Arc- 
turus, the  Pleiades,  Orion,  rose  and  set 
helia(»lly  and  acronycally  at  those 
times  aiid  for  those  countries.  But  it  is 
necessary  to  explain  the  terms  of  which 
we  have  just  been  making  use. 

A  star  is  said  to  rise  or  set  cosmieally 
when  it  rises  or  sets  in  the  morning,  at 
the  instant  of  sunrise. 

It  is  said  to  rise  or  set  acronycally  when 
it  rises  and  sets  the  instant  of  sunset. 

Ftg.  46 


It  is  said  to  rise  heliacally  when  it 
appears  in  the  morning  on  the  horizoo 
a  httle  before  the  sun :  and  to  set  helia- 
cally when  it  sets  in  the  evening  a  very 
little  after  him.  It  may  be  estimated 
that,  in  general,  stars  are  not  visible 
till  the  sun  is  at  least  12o  or  15^  below 
the  horizon  at  the  instant  of  their  psing 
or  setting ;  consequently,  the  cosmi(»u 
rising  precedes  by  12  or  15  days  the  hell* 
acal  rising  (since  the  sun  moves  through 
about  a  degree  a  day) ;  and  the  heliaod 
setting  precedes  the  aoronical  setting  by 
about  the  same  time.  It  is  the  heliacal 
rising  which  seems  to  have  been  more 
observed  than  any  other.  Of  this  we 
may  give  one  memorable  instance  in 
the  fact  that  the  Egyptian  rural  year 
was  determined  by  the  heliacal  rising 
of  Sirius.  Thus,  the  age  of  Hesiod,  a 
disputed  point,  may  be  determined  by 
the  fact  that  he  mentions  that  Arcturus 
rose  heliacally  sixty  days  after  the  win- 
ter solstice,  it  becomes,  then,  a  matter 
of  some  interest  to  know  how  to  calcu- 
late these  phenomena  for  past  ages. 

The  problem  proposed  comes  to  this* 
to  find  the  point  of  the  ecliptic,  which 
is  about  1 2^  below  the  horizon  i 


when  a 


given  star  is  rising. 


/t'  - 


Let  E  be  the  vernal  equinox,  whence 
the  right  ascensions  and  longitudes  are 
counted.  Z  the  zenith,  P  the  pole  of 
the  equator  E  A,  and  £  C  S^  the  ecliptic. 
Let  U  V  Q  A  be  the  horizon,  the  plane 
of  which  is  supposed  perpendicular  to 
O  Z,  O  being  the  centre  of  the  celestial 
sphere.  Let  S  be  the  star  rising  helia- 
cally, while  S'  is  the  position  of  the  sun 
at  the  same  moment ;  £  A  is  the  right 
ascension  of  the  star ;  A  S  its  declina- 
tion ;  E  S'  the  longitude  of  the  sun ;  we 
will  suppose  the  sun  to  be  12°  under  the 
horiion;  the  arc  V/  =  12°.  Of  course 
thclitiUide  of  the  place  is  known,  and 


consequently  the  an^le  made  by  the 
equator  with  the  horizon,  which  is  its 
complement ;  we  shall  call  this  angle  p : 
the  right  ascension  E  A,  and  declination 
A  S  of  the  star  are  supposed  known,  we 
shall  call  them  »  and  )*:  the  angle 
A  E  S'  =  the  obliquity  of  the  ecliptic 


=  «. 


*  »  and  )  mast  be  determined  by  taking  tbcir 
Talaet  O'om  a  modern  catalogue,  and  dedadng 
from  theve  tbeir  values  for  the  epoch  deaircd.  If 
the  epoch  be,  as  it  always  is,  a  very  distant  one,  we 
most  allow  for  the  Inequalities  of  precession,  and 
the  variation  of  the  obliquity  of  the  ecliptic.  Tbia 
will  b«  done  by  following  the  methodi  alrtMlf 
given  for  that  porpoac.    8«e  pifa  IQ^ 
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The  fint  thing' to- be  ddne  ii  to  find  known;  it  if  the  right  iieeniim  ef  the 

the  point  of  the  equator  Q,  which  is  in  point  of  the  equator  yAatkk  tiaet  with  the 

the  horizon  at  the  same  time  with  the  star. 

star  S :  in  the  triangle  A  Q  S,  the  ani^le  We  must  now  determiiie  the  point  C 

at  Aisaright  angle:  AQ  S  =  £  QA  of  the  ecliptie  which  rises  iimultaiiaoiuty 

B  f :  A  S  -  )  with  the  i>oint  Q  of  the  equator.    Mow 

.    '     A  ci        tan.  S  A  in  the  triangle  S  Q  C  we  know  the 

•  •  sm.  A  v;  ts         A  O  S  ""K^*  at  E  -  *,:  we  know  the  angle  at 

,    \^  Q  =  180°  »^,  and  the  side  BQ.  which 

^  ^"-^  we  shall  oall  ^.  Calling  E  0. /I,  we  bate 

tan.  f  by  the  formula  of  spherical  tiigono* 

Q  E  9  «  —  A  Q>  and  is  consequently  metry, 

••  cot.  e.  sin,  m  +  cos. «»,  cos.  rf 

cot,  ^  =    ^ : 

sm.  «^ 

The  angle  at  C  is  determined  by  means  of  the  formula 

cos.  C  =:  cos.  m'  sin.  ^.  sin. «  +  cos.  ^.  cos.  n. 

Now  the  angle  E  C  Q.  which  we  have  find  nearly  to  correspond  with  the  eon* 

called  C  =  V  C  S' ;   and  the   angle  ditions.    A  great  nicety  is  not  to  be  ex* 

C  V  8'  is  a  right  angle,  V  8'  =  1 2^,  con-  pected  in  these  calculations,  as  the  j^e- 

lequently  nomenon  itself  of  the  heliacal  rung 

gjn^  120  cannot  be  susceptible  of  being  observed 

sin.  C  8'  =       *   p  with  great  precision.    It  must  eridently 

'*°*  depend  in  part  upon  a  number  of  local 

Calling  C  8',  ^,  and  adding  pf  to  ^  we  ^nj  accidental  causes,  among  which  the 

get  the  whole  arc,  E  8',  which  is  the  transparence  of  the  air  and  the  extent  of 

longitude  of  the  sun  for  the  instant  of  ^^e  horizon  are  sufficiently  obviooa. 
the  heliacal  rising  of  the  star  for  the 
epoch  we  are  considering.    Now  this 

longitude  being  known,  the  solar  tables  Chapter  VIII. 

will  give  us  the  time  of  year  correspond-  ^         ,«      „        ,^   . 

ing  to  it.  Annual  Parallax— Motion  of  the  whole 

The  problem  is  thus  completely  solv-  solar  system  in  space-^Doulfle  and 

ed,  supposing  we  know  the  year  or  multiple    stars  ^  Variable    etars— 

nearly  so  in  which  the  heliacal  rising  Nebuleff, 
took  place,  and  only  wish  to  find  the 

time  of  the  year,  indicated  by  that  ris-  It  is  our  intention  to  treat  in  thig  chsp- 

ing*.     But  it  often  happens  that  we  ter  of  several  real  or  presumed  motions 

know  the  time  of  year  corresponding  to  of  the  fixed  stars,  which,  from  their  ex- 

the  heliacal  rising,  and  wish  to  deduce  treme  minuteness,  have  only  been  estt- 

from  this  the  date  of  events  connected  Wished  in  later  years,  and  some  of  which 

with  it,  as  in  the  case  of  Hesiod.  above-  still  remain  enveloped  in  doubt.    We 

mentioned,  who  has  given  us  the  time  shall  begin  with 
of  year  at  which  Arcturus  rose  helia- 

cally,  and  from  this  circumstance  it  is  Section  l.—Annual  Parallax. 
wished  to  deduce  the  time  at  which  the  The  nature  and  effects  of  annual 
poet  lived.  The  latitude  is  supposed  parallax  have  already  been  explained  in 
known  (m  the  case  of  Hesiod  it  is  that  pacre  153  ;  and  it  has  been  remarked 
of  Boeotia),  but  if  the  date  be  altogether  thait  the  subject  is  not  one  of  practical 
unknown,  we  must  calculate  the  helia-  importance.  It  is,  however,  one  of  very 
cal  rising  (of  Arcturus)  from  century  to  grreat  interest  in  a  merely  scientific  point 
century  for  the  given  latitude,  making  of  view.  The  existence  of  some  paral- 
the  proper  allowances  for  precession,  lax,  were  our  instruments  fine  enough 
In  the  case  just  mentioned,  we  shall  find  to  appreciate  it,  cannot  be  doubted: 
the  phenomenon  comprised  between  the  yet,  from  the  days  of  Galileo,  the  un- 
years  900  and  1000  B.C.  We  must  remitting  efforts  of  astronomers  hafe 
then  calculate  for  950,  which  we  shall  led  to  no  decisive  and  satisfactory  re- 
suit.    We  no  longer  feel  this  as  a  fatal 

•  As  when  Thncydides  tells  us,  that  in  the  se-  objection    to    the    Copcmican    SYSteffl; 

coDd  year  of  the  Peloponnesian  war,  (a  well-known  yet  it  cannot  be  deni^   thuf  tn  mfImt 

dale.)  the  iDTestment  of  Platcea  was  compltted  {.     "  cannox  ue  aemeu,  Uiai  m  Cailier 

About  the  beUacal  rising  of  Arctunu,  tUnCS  it  must  OaYe  DCen  felt   aS  ftTOJ 


Till,  f  1.1  ASTR0N01IY«  Ott 

freit  diffleoltf.  la'ieanliiog  for  pft«  i^lAoe  of  a  dar,liualrMdfbMii  pointed 
faUax,  BfBdky  M  upon  the  diioovery  out :  it  will  become  etill  dctrer  on  ooni* 
of  aberratiDn  and  nutation ;  and  sinoe  paring  the  formuln  for  both  of  tbeee 
Ma  time,  from  the  perfection  of  instru«  eases.  It  is  evidently  unneoessary  in 
menti,  numerous  small  motions  have  the  case  of  parallax  to  take  into  account 
been  discovered,  yet  the  question  of  the  small  eUipticity  of  the  earth's  orbit ; 
parallax  remains  nearly  where  it  was.  we  shall  therefore  suppose  it  circular. 
However,  we,  perhaps,  need  not  yet  Call  the  distance  from  the  sun  to  the 
despair  of  final  success,  when  we  earth  r,  from  the  star  to  the  earth  r' ; 
consider  the  improvements  made  in  in-  and  the  longitude  of  the  earth,  as  seen 
struments,  and  in  the  methods  of  obser-  from  the  sun,  ^ :  the  centre  of  the  sun 
vation,  during  the  last  fifty  years,  being  the  origin  of  the  rectangular  co- 
Should  our  progress  continue  to  be  as  ordinates,  let  the  axis  of  x  and  that 
rapid,  ere  the  close  of  the  century  we  of  ^  be  in  the  plane  of  the  ecliptic, 
may  hope  to  ascertain,  by  actual  obser-  the  axis  of  x  passing  through  the  equi- 
vation,  the  existence  of  a  ohenomenon  nox,  that  of  z  perpendicular  to  that 
which,  mathematically  speaking,  cannot  plane.  The  coorainates  of  the  earth, 
be  disputed.  Itisof  importance  for  this  ar,  y,  jt,  will  evidently  have  for  values 
purpose  to  be  in  possession  of  the  for*  rr  =  r.  cos.  p  y  =  r,  sin.  p  z  =  0. 
mulse  which  represent  the  efiPects  of  Let  now  the  coordinates  of  any  star  be 
parallax  either  in  longitude  and  latitude,  a/,  y\  z' :  let  its  heliocentric  longitude 
or  in  right  ascension  and  declination.  and  latitude  be  /  and  >.',  and  call  the 
The  difference  between  the  effects  of  projection  of  its  radius  vector  on  the 
annual  parallax  and  aberration  on  the  plane  of  the  ecliptic  e':  then  evidently 

a^  =  e'  COS.  ^',      y'  =  ^'  sin.  t',      z'  =  »'.  sin.  x'. 
If  now  r'  represent  the  distance  from  the  sun  to  the  star^  then 

'  =1^.  cos,  x' 
consequently,  eliminating  ^,  we  get 

x'  =  r'.  COS.  x'.  COS.  4' 

y'  =  r'.'cos.  x'.  sin.  • 

z'  =  r'.  sin.  x' 
and  also  wc  may  deduce  the  geocentric  longitude  and  latitude  of  the  star,  t  and  x* 
by  the  formula 


tan^ 

«  y' 

x'- 

-y 

—  X 

sin»x 

z'' 

V  (ip  -  ^  •  +  (y  -  y')  •  -f  («  -  «')  • 

Takmg  the  first  of  these  two  equations,  and  substituting  in  it  for  x,  y,  x'f  y*, 
their  respective  values,  we  obtain 

fan  t  sx  ^'  ^^^'  ^'''^'"*  ^  -  r.  sin.  f 
t\  cos.  x'.  cos.  /  -  r.  cos.  ^ 

1  «  ^        sin.  ^ 


«  tan.  if  ^cos.x^s^n.• 

I    ..  _  COS.  p 

COS.  X'.  COS.  r 

Now,  if  we  call  the  greatest  annual  parallax  fr,  we  shall  have  r  ^  r',  sin.  v  or 
-7-  K  sin.  it:  for  it  is  clear  that,  in  this  case,  a  line  drawn  from  the  alar  to  the 

r 

earth  will  be  perpendicular  to  the  radius  of  the  terrestrial  orbit. 

sin.  «*.  sin.  p 

COS.  x^  sin.  / 

/•  tan.  #  =  tan.  ^.  

sin.  It  COS.  p 


COS.  X'.  C08,l 
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Now,  if  the  jpreatest  aniraal  panllaz  ^  exceed  two  eecondi;  Ihoash  it.  perheni, 

be  imperceptible,  then  ir  =  0,  sin.  «r  =  0»  in  tome  other  itart,  mftybe  tomdhn^ 

and  #  =  /,  or  the  geocentric  longitude  more.    Consequently  tin.  «>  mutt  be  aa 

of  the  star  is  equal  to  the  heliocentric,  excessively  small  ftiustion ;  and  we  mqf 

at  must  obviously  l>e  the  case.    If  «r  confine  ourselves  to  termt  involving  its 

exists,  we  know  that  it  must  be  exces-  first  power  onl^.    If  then  wc  divide  out 

tivelv  small :  in  «  L]a«,  which  has  been  by  the  denommator  of  the  exppeatioa 

much  observed  with  a  reference  to  this  for  tan.  ^,  confining  ourselves  to  nieh 

particular  object,  it  certainly  does  not  terms,  we  obtain 

tan.  ^  s  tan. /. -{  1 -j ,    .    \ ^> 

\      *  COS.  X'.  sm.  r.  cos,  r  j 

sin.  «•.  sin.  (^  —  /).  cos.  I 


sin.  (I  -  /)  =  — 


COS.  X^  COS.  / 


^  —  /  and  nt  being,  as  has  just  been  explained,  extremely  small  angles,  we  may 
substitute  their  ratio  for  that  of  their  sines ;  and  also  on  the  right-hand  tide  of  the 
equation,  we  may  suppose  ^  =  /•    Hence 

*.  sin.  (^  >-  /) 

cos.  >.' 

Proceeding  similarly  with  regard  to  the  expression  for  sin.  x,  we  get  by  the  tub* 
ttitution  for  or,  y,  2/  and  if 

K  sin.  x' 
tin.  X  =  — '================== 

V^  -  2  r  K  cos.  x'.  cos.  (f  —  •)  -j-  f« 

sin,  x^ 

Vl  -  2  sin.  «•.  cos.  x'.  cos.  (^  -  /)  +  sin.  ■  ft 

If  now  we  nefi:lect,  as  before,  terms  involving  powers  of  sin.  ir,  lieyond  the  first. 
and  if  we  divide  out  on  the  right-hand  side,  we  get 

sin.  X  =  sin.  x'  {l  -(-  sin.  «•.  cos.  x'.  cos,  (f  —  /)} 

2  sin.  (  --5 —  \  cos.  f  -^^ —  \  =  jin.  «•.  sin.  x'.  cos.  x'.  cos.  (f  —  /) 

X  -  x'  is  a  very  small  angle  of  the  same  nates,  as  we  have  done  with  the  latter, 

order  as  «• ;  putting  as  before  the  ratio  Now,  here  it  is  to  be  remarked  that  the 

of  the  arcs  for  that  of  the  sines,  and  geocentric  longitude  and  latitude  difier 

supposing  X  =  x'  in  the  terms  which  from  the  heliocentric  only  by  the  parti* 

are  multiplied  by  w  lax  itself;   consequently  we  may  ntt 

X  -  x'  =  ir.  sin.  x^  COS.  (^  —  ^)  them  indifferently  one  for  the  other  in 

Jt  is  evident,  from  these  expressions  the  expression  for  that  parallax,  as  we 

that  the  annual  parallax  in  longitude  is  are  confining  ourselves  simply  to  the 

nothing  when  sin.  (^  .  /)  =  0,  and  first  power  of  5.    But  instead  of  the 

^  ^  ^  =  0  or  180°:  that  is,  when  the  longitude  of  the'earth,  as  teen  firoin  the 

star  is  in  conjunction  or  opposition  with  sun  ^,  we  must  introduce  the  longitude 

the  sun.    In  this  case,  the  expression  of  the  sun,  as  teen  from  the  earth  0. 

for  the  parallax  in  latitude  acquires  its  Now  0  =  180°-f"f»  or  f  =  0  —  18(r; 

greatest  value,  «*.  sin.  x.    This  latter  and  substituting  for  ^,  we  have 
expression,  on  the  other  hand,  becomes  .'n  /^/^       jr\ 

nothing    when  cos.  f^  —   •)  =  0  or  #  -  /  =  <r.  sin.  \SD  -  n 

^  -  •  =  4-  90° :    that  is.  when  the  cos.  x' 

arth,  seen  from  the  sun.  is  in  quadra-  ,  _  .:«  ,f  ^«.  ,^        ^ 

tures  with  the  star,  and  at  that  time  the      ^  -  ^  -  -  «•.  «>".  >•  •  cos.  (0  -  /) 

parallax  in  longitude  attains  its  greatest  let  us  call  4  -  4^,  d  f,  and  x  —  x'.  d  x : 

«•  the  corresponding  expressions  of  d  #» 

value  —  ^^^/  and  d  x,  as  caused  by  aberration,  are 

To  compare  the  expressions  we  have  ^  /  «       20^^  25.  cos.  (0  ^  /> 

obtained  with  those  for  the  aberration  in  a#—  —             cosTx'"' 
longitude  and  latitude,  it  is  necessary  to                                 .     ' '      ' ' 

refer  the  former  to  geocentric  coordi-  d  x  s:  -  20'''25.  tin.  x^  tin.  (O  —  ^. 


vni.  J  ij 


.A8TR0N0MT. 


n< 


Now,  eomparififi^  these  with  the  for- 
nutoe  for  parallax,  we  see  that  they  are 
just  the  inverse  one  of  the  other :  the 

Krallax,  either  in  longitude  or  latitude, 
ing  iifreatest  when  the  aberration  is 
least,  and  the  converse :  and  generally  as 
the  one  increases,  the  other  diminishes. 
To  make  them  agree,  we  must  change, 
in  the  formulse  for  al)erration,  0  into 


0  ^  qqo^  This  is  in  accordance  with 
what  has  been  stated,  psge  153.  By  this 
consideration,  we  may  get  the  effect  of 
parallax  in  right  ascension  and  declina- 
tion at  once :  we  have  only  to  substi- 
tute in  the  corresponding  expressions 
for  the  aberration  0  -f-  90®  instead  of 
0.    We  shall  thus  have 


da^ 


assuming 


And 


assuming 


tan.  yp  =s 


«••  sin. «' 

-: ; r>  Sin.  (0  -  ^) 

Sin.  yp.  cos.  V         ^^        ^^ 

tan.  mf 


cos.  it 


r.  COS. »'.  sin.  y    .      ^  , 

d^  = -^ .  sin.  (0  -  V'O 


COS. 


tan. -^  = 


sin.  ^^  COS.  m  -  cot,  y.  sin,  tt 

COS.  of 


It  must  be  recollected,  that  in  these  comparable  to  cos.  x'.    In  this  case,  i 

formulse  /,  x',  m',  y,  represent  the  helio-  can  no  longer  be  taken  =  /  in  our  ap- 

centric  elements.     These  may  t)e  ob-  proximations.     It  results  from    these 

tained  by  taking  for  /  the  geocentric  remarks,  that  it  is  desirable  to  observe 

longitude  observed  at  the  syzigies,  that  stars  at  a  distance  from  the  ecliptic ; 

is,  at  the  instant  of  conjunction  or  op-  the  effects  of   the    parallax    on    the 

position  with  the  sun :  and  for  x'  the  longitude  being  then  very  considerable, 
geocentric  latitude  observed  when  the       There  may,  however,  be  other  cir- 

star  is  in  quadratures  with  the  sun,  cumstances  to  determine  our  choice :  it 

that  is,  at  90®  from  the  syzigies.    In  is  natural  to  presume  that  those  stars 

fact,  we  have  seen  that  in  the  first  of  whose  proper  motion  is  greatest  are 

these  situations  #  =  ^ ;    and  in  the  nearest  the  earth,  and  consequently  have 

second,  that  x  =  x^    With  these  values  the  most  perceptible  parallax ;  and  these 

of  /  and  x',  and  the  obliquity  of  the  stars,  it  is  important  to  remark,  are  by 

ecliptic  «,  which  is  known,  we  must  cal-  no  means  always  among  the  brightest 

culate  «'  and  V.  This  remark  is  the  more  necessary,  that 

The  parallax  in  question  may  be-  many  have  thought  that  there  was  a 
eome  much  more  apparent  in  one  strong  ^  priori  probability  that  the 
of  these  elements  than  another,  on  ac-  brightest  stars  were  nearest  to  the  earth* 
count  of  the  constant  factors  which  Such  observations  as  have  been  hitherto 
enter  info  the  expressions,  and  augment  made,  however,  seem  unfavourable  to 
or  diminish  their  influence.  Thus  the  this  opmion,  as  we  shall  presently  show, 
parallax  in  latitude  being  generally  On  the  other  hand,  jt  is  desirable  to 
->  «r.  sin.  X.  COS.  (0  -  /)  it  is  greatest  avoid  stars  that  do  not  rise  sufficiently 
lor  the  same  star  when  0  -  /  =  90®,  high  above  the  horizon  to  be  beyond  tfale 
in  which  case  it  becomes  -  w*.  sin.  x' :  effects  of  the  uncertain  and  vanable  re- 
and  then  for  different  stars,  it  is  greatest  fractions  that  take  place  at  low  altitudes. 
when  x'  a  90®,  in  which  case  it  be-  The  ordinary  instruments  and  me- 
comes  «r.  But  this  limit  it  never  can  thods  of  observation  certainly  apprarin- 
ezceed.  On  the  other  hand,  the  paral-  sufficient  to  settle  the  long  agitated 
lax  in  longitude  having  cos.  x'  for  a  questicm  of  parallax.  Tli^  greatest 
divisor,  may  exceed  w  very  much :  it  amount  of  this  quantity  does  not  ex- 
increases  with  the  latitude.  But  ceed  2" ;  yet  we  can  hardly  be  certain 
we  must  not  conclude  that  it  would  of  the  place  of  a  star  to  one  or  two  se- 
beeome  infinite  when  x'  s  90®,  that  is,  conds.  That  such  is  the  case  is  suffi- 
when  the  star  is  in  the  pole  of  the  ecli[>-  oiently  proved  by  the  difference  of  opi- 
tic.  Our  formulse  sre  only  approxi-  nion  between  the  Astronomer  Royal 
mate,  and  they  have  l)een  deduced  on  and  Dr.  Brinkley  on  the  existence  of  a 
the  supposition  that  #  -  /  is  very  small,  parallax  of  2''  in  »  Lyrse.  When  two 
That  It  no  longer  true  for  a  star  so  of  the  most  able  observers  of  the  day, 
near  the  pole  of  the  ecliptic,  that  the  furnished  with  instruments  of  the  most 
•nnnal  piMUax  #  becomes  a  quantity  splendid  kind,  thus  dv&%^[^«  \V\%  \fnNV) 
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evident  that  recourse  mnit  be  had,  if   while  the  imtll  onei  keep  the  teine  re- 

potsible,  to  lome  methods  of  still  greater  lative  positions  with  regard  to  one  ano* 

nicety  for  the  detection  of  the  pheno-  ther,  we  may  be  certain  that  theae  lattsr 

menon  in  question.    For  stars  passing  are   really    invariable,    and   that   tlw 

very  near  toe  zenith  of  the  observer,  former  alone  is  in  motion.   This  motion 

the  instrument  called  a  zenith  sector,  may  be  the  result  of  two  eombined 

which  will  be  hereafter  described,  may  causes,  parallax  and  the  proper  motion 

be  advantageously  employed;    but  ita  of  the  star.    Parallax  having  an  annual 

use  is  limited  to  such  stars  which  may  period,  the  proper  motion  may  be  difp 

not  happen  to  be  desirably  situated  for  tinguished  from  it  by  comparing  obser- 

such  observations,  according  to  the  re-  vations  made  at  the  same  time  of  the 

marks  made  above  to  guide  us  in  our  year  in  different  years  *.    This  motion 

selection.     Another  method  originally  once  determined,  the  effect  produced  by 

employed  by  Galileo  has  been  improved  parallax   on  the  declination  may   be 

upon,  and  used  with    much    success  easily  ascertained;  and  thus  di  being 

lately,  by  a  French  naval  officer,  Count  known  in  our  formulae,  «-  or  the  who£ 

D^Assas-Montdardier.    On  a  mountain  annual  parallax  may  bie  easily  found. 

at  a  considerable  distance  from  his  ob-  By  applying  this  ,'method  to  the  star 

servatory,  Galileo  placed,  at  a  few  feet  called  Keid,  or  29  Eridani,  M.  D'Anaa 

from  the  surface,  a  horizontal  beam,  found  its  annual  proper  motion  in  de* 

He  observed  with  his  telescope  certain  dinalion  4'''13;   its  absolute  parallax 

atars,  which,  when  on  the   meridian,  about  2".    This  result  is  confirmed  bv 

appeared    just   to    graze   this   beam,  the  observations  of  the  celebrated  Piaiii» 

IVom  the  great  distance  between  the  ob-  who  found  by  totally  different  methods 

server  and  the  beam  the  least  change  in  for  this  remarkable  star  a  proper  mo* 

the  altitude  of  the  star  would  make  it  tion  in  declination  of  3"*  6.    Rigd  was 

appear  either  to  pass  above  the  beam  found  by  M.  D'Assas  to  have  an  abso- 

without    touching    it,    or   to   become  lute  parallax  of  1"*43 ;  Sinus  of  l"*a4. 

eclipsed  by  it ;    and  Galileo  satisfied  According  to  these  results  the  diatanea 

himself,  by  observing  the  sun  in  this  of  Kekl  from  the  earth  in  about  one 

way,  that  a  change  of  less  than  one  hundred  thoussnd  times  the  radius  of 

second  could  easily  be  appreciated.  the  earth*s  orbit  round  the  sun,  whieh 

For  the  horizontal  beam  of  Galileo  radius  itself  =  95  millions   of  miles. 

M.  D*Assas  de  Montdardier  substitutes  The  distance  of  Kigel  is  about  140,000 

a  triangle  in  a  vertical  plane  formed  of  times    that    radius ;   of   Siriua  kbout 

three  beams,  or  rather  three  bands  of  160,000.    Keid  is  the  one  of  the  nearest 

iron,  the  base  of  which  is  about  fifteen  to  us  [of  all  the  fixed  stars ;  yet  light, 

limes  its  length.  This  triangle  he  places  which  goes  from  the  earth  to  the  sun  in 

in  the  meridian  on  a  mountain  distant  alx)ut  eight  minutes,  takes  a  year  and  a 

more  than  600  French  metres  from  his  half  to  pass  from  that  star  to  the  earth; 

observatoiy.    It  is  evident  that  if  the  and  we  actually  might  see  the  star  for 

height  of  the  star  varies  in  the  least,  that  time  after  it  had  ceased  to  exist, 

that  a  great  variation  will  be  produced  ^Vell  might  La  Place  say  that    astro- 

in  the  time  it  takes  to  traverse  the  tri-  nomy  shows  man  his  own  greatness  in 

angle,  and  in  this  way  the  most  minute  the  smallness  of  the  base  which  haa 

changes  in  the  meridian  altitude,  and  served  him  to  measure  the  univerae. 
consequently  in  the  declination,  may  be 

appreciated.    The  method  pursued  by  Skction  II.— Oh  the  supposed  moHom 

M.  D'Assas  is  to  compare  the  variations  of  the  Solar  System  in  Space. 
(obtained  by  this  method)  of  declination 

in  the  star  he  is  examining  with  those  ^^  .does  not  seem  probable  that  whilei 

of  12  or  15  small  stars  lying  very  near  &s  it  would  seem,  all  the  heavenly  bodies 

it  •.    These  stars  being  very  small  and  we  in  motion,  the  sun  itself,   which, 

faint,  may  be  supposed  to  have  neither  ff o™  analogy,  we  may  class  with  the 

proper  motion  nor  annual  parallax.    If  tixed  stars,  should  be  at  rest.    Mecba- 

these  comparisons  all  indicate  the  same  ^^^^  considerations  also,  which  it  is  un- 

change  of  declination  in  the  larger  star,  necessary  to  go  into  here,  make  it  pro- 

.«„ r'T^T          .  •    ;; r  ^blethat  as  we  know  him  to  have  a 

«,ce^r?ai'nlr-«^^^^^^^^^^  motiou  of  rotation  on  his  own  axis,  so 

•lnd«d,  u,  vfhaterer  the  amoxiiit  of  refraction  may  — 


be  «t  ibemomeat,  it  will  be  the  Mme  fur  stare  ob-        •  In  all  these  calculation*  it  la  hardlv  nctuwr 
j»«rrcd  rcij  acurlyMi  Uie  fame  aliitode  kbA  iwbe    ioo>)Mtte,  vYvu.\.  <ku«  ^Vo^vnce  inatt  b*  "^jt  for 
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hm  ham  alio  •  moiion  of  trunlation  in  pde  of  translation.  Take  in  tbaheavans 

spaet.    It  18  of  course  to  be  understood  the  point  diametrically  opposed  to  this 

tnatthe  whole  solar  system  accompanies  pole  ;  the  stars  in  that  part  will  appear 

him  in  this  translation,  the  planets  pre-  to  close  together,  and  converge  to  this 

serving  their  relative  motions  about  his  opposite  pole.    Such  will  be  the  general 

centre  unaltered,  just  in  the  same  way  enects  produced ;  but  to  ascertain  the 

as  the  satellites  of  Jupiter  accompany  existence  of  the  motion,  and,  if  that  be 

that  planet  in  his  periodical  revolutions,  established,  its  magnitude  and  direction. 

The  celebrated  Herschel  conceived  that  we  must  investigate  formulae  for  the 

such  a  motion  was  actually  perceptible  by  effects  on  the  right  ascension  and  do- 

the  chan^  of  place  in  certain  fixed  stars,  clination  of  any  given  star, 

and  concluded  that  the  sun  and  whole  Suppose  in  ng.  47  that  F  is  the  pole 

solar  system  was  in  motion  towards  a  of  the  equator,  p  the  pole  of  translationf 

point  in  the^constellation  Hercules.  S  the  place  of  the  given  star. 

To  comprehend  how  the  existence  of 
such  a  motion  can  be  ascertained,  we 
may  begin  by  remarking  that  the  motion 
in  question,  if  it  exists  at  all,  being  cer- 
tainly Ytfy  slow  with  regard  to  the  im- 
mense distance  of  the  fixed  stars,  we  /  /  I  JFis  A7  * 
may  consider  the  small  arc  described  in  ^  '  s  ■  * 
a  snort  time  (as  for  instance  half  a  cen- 
turjr)  as  rectilinear.  Not,  however,  that 
we  suppose  the  revolution  of  the  sun  to 
take  place  round  any  given  fixed  star, 
but  rather  round  the  common  centre  of 
gravity  of  the  system  of  stars,  of  which 
our  sun  is  part.  It  is  easy  to  form  to 
ourselves  an  idea  of  the  effects  pro-  P  S,  the  north  polar  distance  of  the 
dueed  on  the  apparent  places  of  the  star,  we  shall  call  A  ;  Pp  the  north 
stars  by  a  motion  such  as  we  have  sup-  polar  distance  of  the  pole  of  translation 
posed.  The  stars  in  that  part  of  the  A';  the  angle  SPp  will  be  the  diffe- 
tieaveiis  towards  which  the  sun  is  in  rence  between  the  right  ascension  of  the 
motion  will  appear  to  open  out  and  re-  star  «,  and  that  of  the  pole  of  transla- 
oede  from  each  other,  diverging  on  all  tion  «' ;  it  will  then  be  •  -  •'.  Now 
sides  from  the  point  to  which  the  motion  by  spherical  trigonometry  we  obtain  the 
is  directed,  which  point  we  shall  call  the  angle  at  S  by  the  formula 

cot.  A^ .  sin.  A  —  cos.  («  —  g^) .  cos.  A 

Cot.  S  =                        .•     t^     ^v  • 

sm.  («  —  •  J 

Now  if  we  prolong  the  arc  of  a  great  rectilinear  from  what  has  been   said 

circle  p  S  which  passes  through  the  pole  above,  and  we  have 

of  translation  and  the  first  position  of  the  ^      S^JM  , 

star  8,  it  must  also  pass  through  the  ^*"'          s  M'* 

second  position  S'.     This  is  evident.  ^      g;  ^  .,  ^^^  ^^^^^^  .„  ^^^ 

smce  the  apparent  motion  of  the  star  ^^ension  measured  on  the  paraUerof 

apposed  immoveable  must  necessarily  ^^^  ^          ^^  ^i„   A  ;  S  l/is  the  va. 

be  in  the  plane  determmed  by  the  unes  ^.f;^^  ;'  ,^i„,  /i;.»««L»  .^»  ^  a 

joining  the  pole  of  translation  with  .the  "'^^^^'^  "*  ^^^  **^"*^'  ^'.^  ^ 

earth,  and  with    the   star.     Produce  •  f«n  s  =  fl^.sm.  A 

F  8  and  let  it  meet  the  parallel  of  de-  *•  ^°'  ^            d  A 

elination  passing  through  S'  in  M.  The  d  A 

vmall  triajigie  S  S' M  may  be  solved  as  •*.  cot  S  =    .^    .    ■-# 

Equating  this  value  of  cot  S  to  the  value^fore  obtained,  we  get 

d  A  cot.  a'  •  sin.  A  —  eos.  («  —  «0  •  cos.  A 

a  •  .  sin.  A  sin.  («  -  «') 

.\  d  tk.  tan.  j^\  Mitt,  (m  '^i/)md»{m}  A  -rin.  A  .cos,  A  %Imi,  A^w%•l«-•^\ 
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By  means  of  this  formula,  when  J  and  marks,  that  if  a  motion  of  trantlmtion  of 

i^*  are  known,  we  may  calculate  the  the  solar  system  in  space  really  exists, 

d  b.  .      .  ,  &s  is  c2  priori  not  improbal>le»  that  it  is 

ratio  -^  of  the  two  motions  m  right  masked  by  the  more  considerable  proper 

ascension   and    declination,    and   then  motions  of  the  fixed  stars  themselw 

comparing  these  with  the  motions  ac-  Under  these  circumstances  we    must 

tually  observeil,  verify  the  truth  of  our  l«ave  the  problem  to  be  solved  by  fui ore 

hypothesis  as  to  the  position  of  the  pole  astronomers,  who  shall  possess  very  ao- 

of  translation.    By  repeatinc  the  same  curate  observations,  with  »  suffiinent  in- 

operation  with  ditlerent  stars,  we  shall  Nerval  between  them  for  such  detemu- 

see  whether  they  agree  in  jjiving  the  na^^^Js.  ,    , ,        .  ^  , 

same  result  for  the  place  of  the  pole,  or  ^  ^n«  remarkable    circumstance   hts 

whether  the  results  obtained  from  them  d^^"  noticed  by  Bessel ;— that  a  great 

are  in  contradiction  with  eaciv  other,  proportion  of  those  stars  which  have  a 

which  latter  circumstance  would  prove  PJ^V^^  motion,  are  double  atari.    A 

that  no  such  motion  towards  a  pole  singular  case  of  this  binary  system,  as 

really  exists.  ^^^^  ^  ^"®  fi^reatest  m  the  amount  of  its 

Sir  William  Hcrschel  conceived  the  Vm^^^  ?°[^*^?'  "  ^  ^l^h    '"'*  *^ 

pole  of  translation  to  he  situated  at  »*«"  w*^*^"  form  this  double  star  are 

245**  52'  of  right  ascension,  and  4b^  38'  \^   **  asunder,  and  have  a  motion,  round 

of  north  declination,  near  the  star  34  their  common  centre  of  gravity,  of  0«^73 

Herculis.    Assuming  these  values  of  annuaJly ;  while  the  annual  proper  mo- 

fl  ^  tion  of  the  double  star  in  n^ht  ascension 

«'  and  y,  we  might  calculate  — ry  ;  or  is  5"-46  of  space ;  and  m  declination 

.  ,.       J     ,  .  ,.  ,14  3"- 19.    Other  stars  in  the  neiffhboor- 

takmg  rf«  from  observation,  calculate  j^^^  ^j  g^  ^ygni  do  not  appear  tohave 
d  I  and  compare  it  with  the  observed  ^'^^-^^^  ^t  ^IL    On  the  other 

value  of  that  quantity.    Such  an  ex-  ^ahJ,  A  Ophiuchi  and  30  Scorpii,  two 

amination  does  not  seem  to  support  Sir  ^^^^    ^^^^/^^  f,^^  ^^y^  other  li'  in 
W.Herschels  ideas.    Bessel,  who  has  ^^^  ^^-^^  ^^^^  „^  reTolvinr 

examined  this  question  with  his  usual  ^^tion  round  each  other,  are  evident 

care  and  ability,  states  that  many  stars  travelling  together  through  apace,  and 

mdicate  a  point  in  the  heavens  very  re-  j^^^j     ^he  neighbouring  rtan  behind. 
mote  from    that  assigned  by  Sir  W.  °  *  * 

Herschel ;  and  that,  in  fact,  there  is  no 

one  point  in  particular  towards  which      ^Section  llh'-'Double  and  MuUipU 
he  can  discover  any  such  tendency.  Stars. 

A  general    consideration  will  com-        /^^  .^  ,  . ^^ ,  .  ,  ... 

pletely    set   the    matter  at    rest.     If       On  applymg  good  telescopes  to  the 

there  exist  a  polar  motion  towards  any  f '^am»"»t>o«  oj  the  heavens,  it  aopears 

point  whatsoever,  stars  near  each  other  ^^^JTl  ""      '""^y    "T?"  k"*  ^V 

must  have  motions  very  nearly  parallel,  ^^h'^^  strike  us  simply  Mbnght  points, 

so  that  the  ratio  of  the  motion  in  right  IZ^J  %°JS"^  complicated  nature  thin 

ascension  to  that  in  declination  will  be  Wears  to  the  naked  eye.  OftheTanous 

nearly  the  same.    But,   on  examining  W^Hrances  they  present  we  ahaU   m 

the  catalogues  of  stars,  it  is  found  that  ^^""±^1  >f  **"°t«  "?^»^^  ^^«  separation 

this  is  not  by  any  means  the  case.     M.  f^Tl^^^''  *."*°  ^^^^  ^%"^,  «»»«»• 

Biot  observes,  that  «  Herculis  and  «  ^"  ^^^"^  instances  of  reallv  com- 

Ophiuchi  differ  only  5°  in  right  ascension  f ""?  '**"•    ^^"^  ?  **^"'  ^  Y^fJ  « 

and  2°  in  declination;  yet  the  variation  ^*"^^'  ^'^  sufficientlv  frequent  m  the 

of  right  ascension  in  fLrty-t  wo  years  has  ^.^^  ^     '  ^f  ^  J"«^«  ^^  gj^f  t«  composi. 

been,  for  the  former.  2"  •  2G.  for  the  latter.  ^°"  ^?f  "^»  ,V"i  ?n  ""?  •  ^'*'  «>«"«<»• 

on.  -  10-8  for  the  VZllZ^^^li'  '^"??"  L!5_"*^™P»«*- 


III    vi^\«iiiiniiv/ii.        Alien   j«JSpeCilTC     vtiiift-  rx*       1      n    I       •               j        a"!                                  .         ' 

tionsin  the  former  direction  for  forty-  rT'       .  "''  *^"^  ^^^®"'  sometimes 

two  vears  have  l)een  +  30".  +  3".  and  °^  *^^    ^**»^»   ^"»*«    o'    "«ariy  equal 

+  2'';  in  the  latter.  — 21"- S.  --b"-5. ■ 

and  -f-  14"'  9  respectively.  •  in  fart  it  i«  quintuple ;  hot  the  flnh  sur  i«  s 

It  may  be  concluded,  from  these  re-  ^u'pJlloifci  b^^^^ 
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in  brightness,  as  in  the  case  of  y  Arietis,  that  the  planets  of  the  solar  syistem  re- 

i  Serpentis,  >  Virginis,  and  many  others,  volve  round  the  common  c^tn*  of  srra- 

It  was  for  a  Ions;  time  supposed  that  the  vity  of  that  system ;    but  their  mass, 

eontisi:uity  of  these  stars  was  merely  an  compared  with  that  of  the  sun,  is  so 

optical  effect,  arising  from  both  being  small,  that,  for  all  practical  purposes,  we 

placed  nearly  on  the  same  visual  line  suppose  these  two  centres  to  coincide. 

drawn  from  the  earth.    Modern  disco-  When,  on  the'other  hand,  tlie  two  stars 

veries  have,  however,  taught  us  that  in  are  nearly  of  equal  magnitude,  each  will 

many  instances,  there  is  a  more  intimate  sensibly   revolve  round  the  imaginary 

connexion  between  the  bodies  forming  point,  the  common   centre  of  gravity. 

these  double  stars  than  was  at  first  sup-  Among  the  most  remarkable  instances 

posed.  of  such  binary  systems  in  the  heavens 

The  pursuit  of  annual  parallax  seems  are — 
fated  to  lead  to  curious  discoveries.  Ga-  Castor. — One  of  the  two  stars  in  this 
lileo  in  the  first  instance,  and  subse-  beautiful  system  describes  round  the 
quently  llerschel,  had  proposed  a  plan  other  in  about  253  years  an  ellipse,  of 
for  determining  the  existence  of  parallax  which  the  following  are  the  dimen- 
by  the  observation  of  double  stars,  sions : — Semiaxis  major  =  8"*0S6  ;  ex- 
Supposing,  as  these  astronomers  did,  a.  centricity  =  0*7582.  But  as  this  ellipse 
double  star  to  be  composed  of  two  inde-  does  not  lie  in  a  plane  perpendicular  to 
pendent  stars  at  a  great  distance  from  the  visual  ray,  but  in  a  plane  inclined  to 
each  other,  and  consequently  at  very  it  about  70^,  the  (Apparent  semiaxis  ma- 
different  distances  from  the  earth,  it  is  jor  is  only  5"'d4 ;  while  the  apparent 
sufficiently  evident,  that  the .  quantity  semiaxis  minor  is  2"* 72. 
of  annual  pjirallax  will  be  very  ditt'erent  y  Virginis. —  lliis  fine  star,  composed 
for  the  two  stars.  Consequently,  their  of  two  of  equal  magnitude,  has  a  peri- 
api>arent  places  being  very  unequally  odic  time  of  about  629  years.  The 
affected  by  this  cause,  they  will  appear  semiaxis  major  of  the  ellipse  =  12"09  : 
at  one  time  to  recede  from,  at  another  the  excentricity  =  0'8335.  The  plane 
to  approach  towards,  each  other  accord-  of  the  orbit  is  inclined  to  the  tangent 
ing  to  laws  dependent  on  their  relative  plane  to  the  celestial  sphere  at  that  point 
positions  and  distances.     The   instrn-  about  G7^. 

ments  of  Galileo  were  not  sufficiently  $  Ursae  Majoris. — This  is  a  veiy  re- 
good  to  enable  him  to  put  in  practice  markable  double  star,  (composed  ot't wo 
this  method  of  observation,  a  method  of  nearly  equal  magnitude,)  having;  a 
evidently  requiring  very  delicate  admea-  periodic  time  of  only  60  years.  The 
surements:  but  the  telescopes  of  Her-  semiaxis  major  =  3"'278;  excentricity 
tchel  being  unrivalled  in  excellence,  he  =  0*3777;  inclination  of  the  orbit 
van  enabled  to  undertake  the  research  56^*6. 

with  reasonable  hopes  of  success.  While  I  liootis  has  a  period  of  1 1 7  years : 
pursuing  this  investigation,  and  measur-  semiaxis  major  =  12''*  56;  excentricity 
ing  with  care  the  angles  of  position  and  =  0*5937  ;  mclination  to  the  plane  of 
distances  of  these  compound  stars,  he  the  heavens  =  80^  5'. 
was  led  to  a  curious  and  unexpected  dis-  y  I^onis  is  a  very  remarkable  star ; 
covery.  He  found  that  several  of  these  it  appears  at  first  composed  of  two 
are  not  stars  that  appear  double  from  a  reddish  stars  of  unequal  magnitude, 
fortmtous  juxtaposition,  but  in  realify  but  with  very  srood  telescopes  it  is  shown 
are  intimately  connected,  forming  binary  quadruple.  The  two  principal  stars  cer- 
systems  in  which  either  one  star  revolves  tainly  form  a  binary  system  with  a  rela- 
round  the  other,  or  both  round  their  tive  angular  motion  of  about  0*^*30  an- 
common  centre  of  gravity*.  Mathema-  nuallv,  the  distance  being  about  3"* 3. 
tically  speaking,  there  can  be  no  doubt  n  Coronee. — This  star  has  already 
that  the  latter  is  always  the  case;  but  gone  through  more  than  a  complete  re- 
when  one  star  is  very  much  larger  than  volution  since  its  disco  very «  as  a  double 
the  other,  the  common  centre  of  gravity  star,  by  Sir  W.  Herschel,  in  1761 .  Its 
will  lie  so  near  the  centre  of  the  former,  excentricity  is  only  0"J603,  which  hardly 
that  at  the  great  distance  at  which  we  exceeds  that  of  the  orbits  of  Mercury* 
are,  the  difference  between  the  two  Pallas,  and  Juno,  in  our  own  system : 
centres  will  be  insensible.  It  is  thus  the  axis  major  is  only  0"'8325;  the 
periodic  time  rather  more  than  44  years. 

^ ,    .  ^  .,   ..         ,       s.  ..      V  «-       We  have  selected  these  instances  to 

•  In  cither  caw  the  theory  of  fraTitation  sbowf       .  .,  ^      -   ..^  ^,   ^        r  *u 

tiwttto«rMtieBneUipt«.  g>ve  sooie  idea  of  the  nature  of  the 
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motions  in  those  stare  in  which  they  are  constellatioh  tiai  A  period  of  about  19 

most  evident.    Many  other  systems  are  years,  during  ten  of  which  it  it  ap- 

known  to  exist,  of  which  we  cannot  take  parent,  and  during  five  invisible.    The 

notice  at  present,  it  not  bein?  our  object  constellation   Hydra   possesses    a  star 

to  G:ive  in  this  place  a  catalogue  of  mul-  which  parses  from  the  fourth  manu- 

tiple  stars:  we  shall  only  jnst  notice  the  tude  to  being  invisible:    its  period  is 

singular  contrasts  of  colour  offered  fre-  404  days.    )  Cephei  has  a  period  of  five 

quently,  though  not  invariably,  by  the  days;    n  Antinoi  of  seven;    but  it  is 

two  stars  of  a  binary  system.    Some-  unnecessary  here  to  enumerate  all  of 

times  it  seems  these  colours  in  the  minor  this  description, 

star  are  complementary  of  those  in  the  Several  explanations  of  these  ehanges 

larger;  when  the  former  are  seen  by  have  been  offered, on  the  relative  pro- 

themselves  they  appear  colourless :  this,  babilities  of  which  it  is  hard  to  decide, 

however,  is  not  universally  the  case;  Some  astronomers  have  supposed  that 

indeed  there  is  an  extraordinary  differ-  the  variable  stars  are,  like  aJI  the  other 

ence  in  the  colour  of  the  simple  stars,  luminous  bodies,  revolving  on  their  own 

as  the  naked  eye  shows  in  many  in-  axes,  after  the  manner  of  our  sun ;  but 

stances,  and  as  is  still  more  visible  in  that  their  surface  is  partially  covered 

the  telescope.    On  the  causes  of  these  by  large  obscure  spots,  (such,  in  faet,  as 

differences  it  would  be  idle  to  speculate,  we  see  on  a  small  scale  in  the  suBt) 

As,  however,  it  is  always  desirable  to  which,  by  the  rotation  of  the  star,  are  at 

compare  facts,  we  may  remark  that  a  certain  times  turned  towards  us.   Others 

new    star    appeared    suddenly  in  the  have  attributed  these  variations  to  laige 

year  1572  in  the  constellation  of  Cassio-  opaque  bodies  revolving  round  thcM 

peia.    On  its  first  appearance  it  was  of  stars,  and  periodically  interoeptinff  their 

a  brilliant  white,  and  surpassed  in  splen-  light.     Lastly,    some    have    ezpluned 

dour  even  Jupiter;  its  brightness  gra-  the  facts   by  attributing   to  the  stars 

dually  diminished,  till,  in  sixteen  months,  themselves  an  extremely  flattened  fonn— 

it  had  completely  disapj>eared.    During  such,  to  use  a  familiar  illustration^  as 

this  time  its  colour  experienced  consider-  that  of  a  mill-stone ;  in  which  case,  the 

able  changes:    from   brilliant  white  it  brightness  of  the  star  would  evidenfly 

Sassed  to  a  reddish  yellow,  like  that  of  depend  upon  the  position  in  which  it 

lars  or  Aldebaran.   and  thence  to  a  happens  to  be  seen.    Time  must  dedde 

leaden  white,  like  that  of  Saturn.    It  is  which  of  these  suppositions  is  nearest 

unnecessary  to  point  out  the  analogy  to  the  truth. 

between  these  changes  and  those  pro-  We  have  already  alluded  to  the  bright 

duced  by  terrestrial  bodies  at  different  star  which   appeared  suddenly  In  the 

degrees  of  heat.  constellation    Cassiopeia,  in    the   year 

o             A      rr    '  It    ciM  1572.    On  its  first  appearance  it  sm^ 

Section  A.-VanabU  Start.  p„,ed  in  splendour  even  Jupiter  uid 

Under  this  designation  we  include  a  Venus,  and  might  be  seen  on  the  me- 

class  of  stars  whose  brightness  is  sub-  ridian  in  broad  day.    Its  brightness gra- 

ject  to  certain  periodical  variations,  as  dually  diminished,  till  in  sixteen  months 

the  star  wc  have  already  noticed  in  the  after  its  first  apparition  it  disappeand* 

group  which  forms  the  compound  star  without  having  changed  its  place  in  the 

i  Ononis.     One  of  the  most  remarkable  heavens.    The  changes  in  its  colour,  as 

of  these  is  the  star  Algol,  in  the  con-  its  brightness    diminished,  have    been 

stellation  Perseus,  which,  every  sixty-nine  already  noticed.    Those   changes^  and 

hours,  experiences  a  diminution  of  splen-  the  suddenness  of  its  appearance,  seem 

dour,  which  reduces  it,  in  three  hours  to  point  forcibly  to  a  vast  combustion 

and  a  half,  from  the  second  to  the  fifth  as  the  origin  of  this  extraordinary  pbe- 

magnitude :    it    then  takes  about  the  nomenon.    A  similar  phenomenon  oe- 

same  time  to  return  to  its  original  state,  curred  in  the  year  1604,  in  the  constd- 

Another  remarkable    chanjjing-star  is  lation  Serpentarius.    It  is  said  that  a 

Mira,  in  the  neck  of  the  AVhale,  which  similar  circumstance  led  Hipparchusto 

has  a  period  of  about  334  days ;  being,  form  his  catalogue  of  the  fixed   stars, 

at  its  brightest,  of  the  second  or  third  about  a  century  and  a  half  before  the 

magnitude ;    and    when    least   briuht,  birth  of  Christ, 
invisible  to  the  naked  eye.    A  similar 

star  exists  in  the  neck  of  the  Swan,  fi»/vr,/M^v      xr^u.. 

with  a  period  of  about  397  days.    An^  ^^'^'''''  V.-^ebuue. 

other  star  in  the  breast  of  the  same  The  term  nebula  is  applied  to  oertaifl 
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jnre^Iar  spots  of  pale^  light  and  ill-  star  appears  much  darker  thaT\  fhe  ro5;t 
defined  figure,  whicn  occur  frequently  of  the  nehula.  An  analogous  fact  is> 
in  the  heavens.  Some  of  these  are  that  in  the  nei^hhourhood  of  a  nehula 
nothing  more  than  clusters  of  small  there  is  generally  an  absence  of  stars. 
stars,  so  near  each  other  as  not  to  be  Herschel,  observing  these  facts  and  the 
separated  by  the  naked  eye.  The  tele-  varieties  of  appearance  presented  by 
scope,  however,  shows  their  real  nature,  the  different  nebulae,  was  led  to  the  con- 
Of  this  kind  is  the  nebula  in  Cancer,  elusion,  that  they  were  all  parts  of  a 
called  Prsesepe  Cancri,  composed  of  luminous  substance  disseminated  ge- 
about  forty  very  small  stars,  easily  se-  nerally  over  the  heavens,  which  accu- 
parated  in  a  telescope;  and  such  are  mulates  in  certain  points,  either  from 
many  others  that  need  not  be  enume-  mutual  attraction  or  from  that  of  a 
jated  here.  There  are  others,  however,  neighbouring  star.  He  thought  he 
that  are  not  wholly  resolvable  into  se-  could  distinguish,  by  the  greater  or  less 
narate  stars,  such  as  the  beautiful  ne-  degree  of  sphericity,  and  the  brilliancv 
Imla  in  the  sword  of  Orion,  the  great  of  the  central  nucleus  as  compared  with 
nebula  of  Andromeda,  and  others.  The  the  surrounding  nebulosity,  the  progress 
Milky  Way  itself  appears  to  the  eye  as  in  condensation  and  the  relative  ages  of 
a  vast  nebula  traversing  the  celestial  the  different  nebulae.  The  first  stage  is 
sphere :  when,  however,  it  was  examined  that  of  an  uniformly  nebulous  mass ; 
by  the  powerful  telescopes  of  Herschel,  the  second,  that  of  a  similar  mass 
it  was  resolved  into  an  incredible  number  slightly  condensed  round  one  or  more 
of  small  stars.  To  give  some  idea  of  faintly  luminous  nuclei :  these  nuclei 
their  number,  we  may  state,  that  in  a  gradually  become  brighter ;  then  the 
lone  of  fifteen  degrees  in  length  by  two  nebulous  atmospheres  of  each  separat- 
in  breadth,  he  has  observed  more  than  ing  by  the  effects  of  a  farther  condensa- 
fifty  thousand.  It  is  supposed  that  our  tion,  there  result  compound  nebulae 
sun  and  the  brightest  or  the  fixed  stars  formed  of  brilliant  centres  very  near 
form  a  part  of  this  great  nebula.  We  each  other,  and  surrounded  respectively 
must  conceive  it  a  vast  stratum,  whose  by  their  separate  atmospheres.  Some- 
depth  is  immense,  (about  a  thousand  times  the  luminous  matter,  by  a  more 
thnes  the  distance  from  Sirius  to  the  uniform  condensation,  forms  the  plane- 
earth,)  yet  very  inconsiderable  with  re-  tary  nebulae  of  which  we  have  spoken  ♦. 
speet  to  its  other  dimensions.  When  we  Lastly,  a  higher  degree  of  condensation 
look  in  the  plane  of  the  nebula  itself,  in  transforms  the  nebulae  into  groups  of 
which  we  are  situated,  the  stars  appear  stars  thickly  set  together.  In  confirma- 
to  thickly  clustered  together  as  to  form,  tion  of  these  ideas,  it  certainly  appears 
apparently,  a  confused  mass  of  light:  that  the  fine  nebula  in  the  sword- 
if,  on  the  other  hand,  we  look  in  a  di-  hand  of  Orion,  and  that  in  the  girdle  of 
reetion  perpendicular  to  this  plane,  it  is  Andromeda,  have  undergone  evident 
crident  that  we  shall  see  the  stars  thinly  changes  since  the  times  of  Huyghena 
scattered  over  the  surface  of  the  heavens ;  and  Simon  Marius,  who  first  observed 
the  depth  of  the  stratum  in  which  we  them.  These  changes  seem  to  indicate 
are  placed,  enormous  as  it  is,  being  a  contraction  and  condensation  of  the 
trifling  compared  with  its  length.  In  nebula,  analogous  to  that  supposed  by 
liict,  if  we  suppose  the  average  distance  Herschel.  Such  changes,  however,  are 
of  each  fixed  star  from  that  nearest  it  to  of  course  so  very  slow  m  their  progress, 
be  the  same  as  the  distance  of  Sirius  . . 

firom  the  earth,  the  depth  of  the  stratum,         •  a  catalogue  and  description  of  the  nebulae,  aa 

one  thousand  times  that  distance,  will  they  exist  at  present,  has  been  undertaken,  and  In 

••M«-  ••«««^««.  a/>  -i»A»,r  A/>no;/lA%.(iKlA  •  conslderablc  degree  completed,  by  Sir  J.  F.  W. 

not  appear  so  very  considerable.  Herschel.    it  has  not  as  Jet  been  made  public. 

It    has    already    been     said,     that  all  hut  some  idea  ofthe  interesting  resulU  it  contains 

nebulae    are     not    to     be    resolved    into  may  be  fomed  from  the  following  words  of  the 

,      .  -    .  I        ,  1     J  A        xu  author.     *  I  have  already  determined,   wlrh    as 

einsters  of  stars  closely  packea  together,  oiuch  accuracy  as  ihe  nature  of  such  observaUons 

8ome  resemble  rather  planetary  bodies,  permits,  the  places,  and  obtained  sufficient  de- 

fanning  distinct  n.a5«e,  of  equable  pale  "rJo'S'thr^XJI^Sa  ".ohtil'wiad.rfro" 

light.     These  have  been  called  by  Her-  Jects,  a  great  part  of  them  by  many  repeated  obser. 

ichcl  planetary  nebula.    Others  appear  ^•^*°'';  ''f^\  "'d^  •^'^^K^if 'lur^n,**'  -V«,.^^' 

.      ,     *  'jtf  il-UA  remarkable  for  their  shape,  site,  or   structure. 

to   0%  com  posed  Ot  one  or  more  Orignt  Among  these  are  objects  so  surprising,  that  IshaU 

•tars  sitOated  in  a  less  luminous  mass,  earnestly  desirt  to  see  my  observations  Terlfied  by 

It  iu.  been  remarked,  that  in  this  ewe  JJ:  •IT.T^^T.^rirok'r ^rbSi"^,;^^ 

tilt  miiaedlita    neighbourhood  ^  of   the  ■errera.'—Mem.  Att.Soc.Tol.  v.p.47. 
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Ihat,  in  all  probability,  it  will  take  cen-  luminous  matter  which  ffre  call  the  tail» 

turies  of  observation  to  establish  the  but  which  the  ancients  likened  to  the 

theory  of  Herschel  by  direct  evidence.  appearance  of  hair,  or  a  beard.     The 

tail,  however,  is  not  a  necessary  ap- 
pendage to  a  comet,  as  many  well-au- 

Chaptrr  IX.  thenticated   instances   exist   where    a 

comet  has  presented  no  such  appeiav 

Comets,  ance.    The   essential   character  of  a 

comet  is  derived  from  its  motion,  not 
Of  all  the  phsenomena  presented  by  the  from  its  constitution  or  external  appear- 
heavens,  there  is,  perhaps,  none  which  ances,  which  seem  liable  to  great  vari- 
excites  such  generai  interest  among  all  ation.  Most  frequently  a  comet  appean 
classes  of  society  as  the  appearance  of  to  be  composed  of  a  bright  nucleus, 
a  comet.  In  general  the  motions  of  the  partially  or  completely  surrounded  1^  a 
heavenljr  bodies  are  characterized  by  a  paler  light,  whicn  spreads  more  partien- 
periodicity  and  regularity  which  render  larly  on  one  •  side,  constituting  the  tail 
any  unusual  appearance  the  more  strik-  or  hair.  In  other  comets  the  nudeas 
ing.  To  which  may  be  added,  that  a  is  extremely  faint,  or  even  positively 
great  comet  is  in  itself  an  object  well  wanting ;  and  in  a  third  dasi  there  can 
calculated  to  impress  every  beholder  neither  be  said  to  exist  nucleus  nor  tail, 
with  astonishment  and  awe.  The  last  as  the  comet  presents  the  appearance  of 
great  comet  was  that  of  1811,  which  a  very  small  nebulous  body,  which  can 
may  be  recollected  by  many  of  our  only  be  distinguished  from  other  nebubB 
readers ;  but  brilliant  as  it  was,  it  sinks  by  its  motion.  As  the  circumstance  of 
into  insignificance  when  compared  with  its  motion  distinguishes  a  comet  from 
other  apparitions  of  the  same  kind,  the  fixed  stars  and  nebulae,  so  the  law 
Comets  have  been  known  whose  tail  of  the  motion  and  the  nature  of  the 
has  extended  from  the  zenith  to  the  ho-  curve  described  distinguishes  it  from  a 
rizon,  while  the  disk  of  the  body  itself  planet.  Another  distinctive  character 
was  equal  in  size  to  the  full  moon  *.  might  have  beep  taken  in  former  times 
Suoh  appearances  are  well  calculated  to  from  the  fact  that  the  jmlhs  of  comets 
impress  the  human  mind  with  awe,  as  are  not  confined  to  the  zodiac*  nor  to 
magnificent  deviations  from  the  usual  the  direction  from  west  to  east,  like 
unvarying  regularity  of  the  heavens,  the  old  planets,  but  take  place  in  planes 
Ever  prompt  by  a  singular  superstition  inclined  at  all  angles  to  the  ecliptic,  and 
to  connect  the  aspects  of  the  stars  with  as  well  with  a  retrograde  as  with  a  dnect 
the  destiny  of  man,  the  belief  of  the  motion.  But  this  character  has  now 
multitude,  up  to  these  later  times,  has  less  value  since  some  of  the  newly  dis- 
atthbuted  to  them  malevolent  influences  covered  planets  are  known  to  have 
over  the  fate  of  empires,  or  regarded  orbits  inclined  more  than  30®  to  the 
them  as  announcing  to  the  human  race  ecliptic,  and  the  satellites  of  Uranus  are 
some  impending  scourge,  as  '  shaking  said  to  revolve  perpendicularly  to  that 
from  their  horrid  hair  pestilence  and  plane.  One  character  is  common  to  all 
war.*  To  these  idle  terrors  have  sue-  the  planets  and  satellites  of  our  system, 
ceeded  fears,  perhaps  not  much  more  the  revolution  in  ellipses  of  very  small 
reasonable;  the  dread  of  a  shock  be-  eccentricity;  on  the  other  hand,  theco* 
tween  one  of  these  bodies  and  the  metary  ellipses  are,  without  any  exeep- 
earlh.  To  say  nothing  of  the  extreme  tion.  extremely  excentric,  and  so  much 
improbability  of  such  an  event,  there  is  so,  that  in  all  but  a  very  few  cases  they 
good  reason  for  believins:  that,  were  it  to  are  sensibly  identical  v;ith  the  para- 
lake  place,  it  would  not  be  productive  bola. 

of  such  disastrous  consequences  as  are  The    tails   of  comets  are  evidently 

usually  anticipated.  formed  of  highly  rarefied  matter,  as  is 

The  term  Comet  is  derived  from  the  sufficiently  indicated  by  their  extreme 

appearance    frequently    presented    by  transparence,  which  permits  the  smallest 

these  bodies,  that  of  being  accompanied  stars  to  be  distinguished  throucrh  them; 

or  rather  followed  by  a  large  mass  of  and  there  is  reason  to  believe^lhat  the 

nucleus,  though  in  a  greater  state  of 

condensation,  is  very  far,   at  least  in 

•  still  more  extraordinary  accounts  are  triven  in  SOme  instances,  from  XxOiZ  Solid.     A»- 

•Dclent  authors,  which  have  not  been  alluded  to  In  frnnowio*.*      ho»A      /v««-o;^-ii        j-_^- 

tue  text,  M  ibey  may  be  •u».necied  of  cxagge-  tronomers    liave    Occasionally   diatm- 

ntion.  g;vii^ri^iaEfid  stars  of  no  great  bngfat^i 
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ness  through  the  nuclei  of  comets*. 
Indeed  when  we  consider  the  enormous 
heat  to  which  many  comets  are  exposed 
when  near  their  perihelion,  it  is  difficult 
to  conceive  that  any  part  of  them  can 
escape  complete  vapjorization.  Thus 
the  comet  of  1680»  at  its  perihelion,  was 
166  times  nearer  the  sun  than  the  earth. 
If  we  suppose,  as  there  is  every  reason 
for  believing,  that  the  intensity  of  the 
solar  heat  varies,  like  the  intensity  of 
light,  inversely  as  the  square  of  the  dis- 
tiuice,  it  appears  that  the  comet  must 
have  been  subjected  to  a  heat  27,556 
times  as  great  as  that  received  by  the 
earUi,  or  2,000  times  as  great  as  that  of 
red-hot  iron.  On  the  other  hand,  it  must 
be  confessed  that,  in  their  aphelion, 
eomets  experience  a  degree  of  cold  of 
which  we  cannot  form  any  calculation 
or  conception. 

The  tail  generally  begins  to  appear  as 
the  comet  draws  near  the  sun;  its 
length  increases  with  its  proximity,  but 
does  not  accjuire  its  greatest  extent  till 
after  the  perihelion  passage.  Its  direc- 
tion is  always  from  the  sun  f ,  forming  a 
curve  rather  concave  towards  that  body, 
in  Fig.  48,  where  A  represents  the 

Kg.4S. 


The  position  and  fonn  of  the  tail  in- 
dicate plainly  its  real  cause,  which  is  the 
vaporization  produced  in  the  body  of 
the  comet  by  excessive  heat  * :  how  great 
that  heat  must  be,  has  been  already  ex- 
plained. The  tail  acquires  its  greatest 
size  after  the  perihelion,  when  the  comet 
has  been  thoroughly  heated,  just  as  the 
earth  does  not  attain  its  highest  tempe- 
rature till  after  the  summer  solstice. 
There  are,  however,  considerable  ano- 
malies in  the  appearances  presented  by 
the  tail,  not  merely  with  regard  to  its 
size,  but  also  with  regard  to  its  shape 
and  general  appearance.  Sometimes 
the  tail  is  divided,  or  even  the  comet 
has  two  tails  in  different  directions; 
sometimes,  as  in  the  comet  of  1 769,  the 
tail  has  a  double  curvature  of  this  * 


nucleus  of  the  comet,  B  the  tail,  S  the 
sun,  MAD  the  comefs  orbit  in  the  di- 
rection from  M  to  D. 


*  A  •troog  proof  bow  trifling  the  roass  o  f  a 
comet  Qtaally  If,  may  be  found  in  the  fact  that 
the  comet  of  1770  paaaed  between  Japlter  and  his 
•atellitee,  wlthoat  deranging  at  all  by  iu  atlractioa 
Ibe  BOtiooa  of  those  minnte  bodies.  The  same 
eomet  approached  as  so  nearly,  that,  according  to 
the  calcnlations  of  La  Place,  had  its  mass  equalled 
that  of  the  earth,  the  sidereal  year  would  have  been 
liicrcucd  2l>  Sin.  Yet.  probably,  bad  the  sidereal 
wmr  Taried  a  second,  we  should  hare  perceived  it. 
llM  eomet*s  mass  certainly  could  not  hare  been  a 
SjOOOtb  part  of  that  of  the  earth. 

t  The  tall  Is  always  on  a  prolongation  of  the 
•traifht  Uoe  which  Joins  the  comet  to  the  sun  : 
th«a.  If  the  comet  be  to  the  east  of  the  sun,  and  set 
after  Ida.  the  tall  takes  an  easterly  direction  j  but 
^arealerly.  If  the  comet  be  to  (At  ir«fC  of  the  fun, 
mnd  ail  befan  hUa^ 


form.  Occasionally  the  tail  is  of  im- 
mense length,  and  narrow;  at  other 
times  broad  and  fan-shaped,  as  in  that 
of  1744,  which  was  17°  long  by  130® 
broad.  Sometimes  the  tail  has  a  waving 
or  undulating  motion  t,  at  others  an  in- 
stantaneous increase  and  decrease  has 
been  observed.  The  multiplicity  of  tails 
and  the  fan-shaped  appearance  which 
results  from  it,  are  probably  caused  by 
a  more  than  ordinary  velocity  of  the 
comet,  in  which  case  the  curvature  of 
the  orbit  in  a  given  time  becoming  more 
sensible,  the  columns  of  vapour  that 
arise  deviate  more  and  more  from  the 
direction  of  the  original  tail,  and  spread 
over  a  larger  portion  of  the  heavens.  It 
is  also  to  be  recollected  that  the  tail 
being  situated  in  the  plane  of  the  comefs 
orbit,  the  appearance  presented  to  the 
earth  will  depend  very  much  on  the  po- 
sition of  that  plane  with  regard  to  the 
earth.  The  curvature  of  the  tail,  for 
example,  could  never  be  visible  to  us  if 
the  comet  were  moving  in  the  plane  of 
the  ecliptic. 

The  idea  which  prevailed  for  a  long 
time  with  regard  to  the  nature  of  comets 
was,  that  they  were  meteors  of  tempo- 
rary duration,  engendered  in  the  atmos- 
phere of  the  earth.  Some  circumstances 
certainly  led  to  this  view — the  sudden- 
ness, in  many  cases,  of  their  appearance 


*  The  raporlsation  mentioned  would  not  pro- 
duce, however,  a  tiUl,  without  we  suppose  the 
comet  to  more  In  a  resisting  medinm,  which,  as  we 
shall  presently  see.  Is,  from  other  causes,  highly 
probable. 

t  It  has  been  sUted  that,  in  the  comet  of  181 1, 
such  undulations  were  seen  to  pasa  (mw  \Xv«  convex 
to  the  extremity  of  vVc  tai\  \u  1  ot  ^  %«cavA%  \ 
a  distance  of  4  mWWon*  ot  \ea«v\«a.   tY\%  -'i^VMtW^ 
•arpaasea  eten  that  oC  \\g>X,    K  ^mVttx  t^«x  ^»»» 
been  stated  of  ib.t  cornel  ot  \SXn  • 
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and  decline,  the  tranaparenee  of  their  Thus  the  permanent  nature  and  pcriodio 
tails,  and  the  apparently  small  density  returns  of  comets  were  for  the  first  time 
of  their  nuclei.  But  it  was  found  by  an  established,  and  the  truth  of  the  New- 
accurate  comparison  of  observations,  tonian  theory  with  regard  to  them 
(and  we  owe  this  discovery  to  Tvcho  placed  beyond  all  dispute.  More  reeeat 
Brahd,)thattheir  parallax  is  so  small  as  times  have  afforded  us  two  additional 
to  put  them  far  beyond  the  region  of  the  instances  of  periodic  comets,  whioh 
moon.  Tnis  point,  once  ascertained,  have,  however,  this  remarkable  point  of 
decided  that  they  could  not  be  vapours  difference  from  that  of  Halley, — ^that  the 
generated  in  our  atmosphere,  and  gave  period  in  both  is  strikingly  shorter.  In 
a  strons:  probability  to  the  opinion  ad-  the  latter,  the  period  is  about  seventy* 
vocated  of  old  by  the  Chaldaeans,  and  six  years,  while  in  one  of  the  two  former 
supported  by  Seneca,  that  they  were  it  amounts  to  only  six  years  end  a  free- 
bodies  permanent  as  the  planets  of  our  tion  * ;  and  in  the  other  to  between  three 
system,  and  reappearing  at  certain  in-  and  fourf.  In  fact,  these  bodies  may 
tervals  depending  on  their  peculiar  or-  be  said,  in  every  sense,  to  belong  to  our 
bits.  The  discoveries  of  Hevelius,  system,  as  the  orbit  of  the  latter  lies 
Dorfel,  and  Newton,  showed,  in  con-  within  even  that  of  Jupiter,  and  it  is 
firmalion  of  this,  that  comets  move  in  in  reality  only  distinguished  from  the 
an  orbit  sensibly  parabolic,  the  sun  planets  by  the  great  excentricity  of  its 
being  in  the  focus.    It  was  proved  by  orbit. 

Newton  to  be  a  necessary  consec[uence  It  is  unnecessary  to  explain  in  tfaii 

of  the  theory  of  universal  gravitation,  place  how  lycho  Brah^  was  enabled  to 

that  bodies  attracted  by  the  sun  must  ascertain  that  the  comet  he  observed 

describe  round  him  one  of  the  conic  had  no  sensible  parallax,  and   oonse- 

sections.  quently  was  far  beyond,  not  monely  the 

It  is  probable  that  the  orbit  described  earth^s  atmosphere,  but  the  region  of 

round  the  sun  by  comets  is  always  an  the  moon.    On  this  head  we  must  refer 

eHiiyse ;  at  least  we  know  it  to  be  so  in  to  the  chapter  on  Parallax.   The  method 

some  instances :  but  the  ellipse  being  of  pointed  out  in  page  59,  though  it  would 

great  excentricity,  and  a  small  part  of  be  insufficient  to  determine  with  nic^ 

the  orbit  only  being  visible  to  us,  namely,  a  very  small  parallax,  would  be  8uflf> 

that  described  near  the  perihelion,  it  is  cient  to  show  that  the  parallax  of  a  body 

sensibly  identical  with  a  parabola.    The  thus  examined  was  very  small ;  in  fact, 

first  conjecture  of  an  elliptic  orbit  is  due  much  smaller  than  that  of  the  moon* 

to  Halley,  who,  seizing  the  analogy  es-  which  is  sufficient  for  the  purpose  in 

tablished  by  the  Newtonian  theory  be-  question.    The  idea  of  Kepler  was,  that 

t  ween  the  motions  of  comet  sand  planets,  the  orbit    was  a  straight  line,   which 

instituted  a  comparison  between  the  ele-  would  have  precluded  the  possibility  of 

ments  of  the  orbits  of  the  comets  then  a  comet  ever  reappearing:    Hevelius 

known,  and,  perceiving  a  great  coinci-  proved  by  observation,  that  the  orbit 

dence  between  those  of  the  years  1531,  was    sensibly  curvilinear;    but   Dorfel 

1607,  and  IG82,  with  an  equality  of  in-  first  distinctly  announced  the  parabolic 

tervals,  did  not  hesitate  to  throw  out  motion  round    the    sun,  about  which 

the  conjecture  that  it  was  one  and  the  there  can  be  no  doubt,  as  it  has  t)een 

same    comet    which    had    reappeared  verified  by  the  calculation  of  the  orbit 

three   successive   times,    and    that   it  of  every  comet  that  has  appeared  since, 

would    reappear  a  fourth  time  in  the 

year    1 758  *.       It    may    easily    be    sup-  •  tHJ.  comet  U  called,  from  the  ntme  of  fu  dis. 

posed,  that  astronomers  were  eagerly  on  corerer,  von  uieia'a  comet:  it  it  supposed  to  be 

the  look-out  to  verify  this  predicl.on ;  'pt;i'd'V„t^rnd"5^V^"5Sih'utS?°^J?; 

and  aCCOrdulgly,  on  the  2  jth  of  Decern-  wa«  &nt  recognized  as  aperiodic  comet. 

ber  in  that  year,  it  was  again  perceived.  t  Thi.  comet  is  called  the  comet  of  Encke,  m 

*^                           o         i  thut  astronomer  first  recognised  it  In  the  jear  ISlflL 

us  a  periodic  comet,  which  had  alreadf  appean» 

in  the  years   I7i<6,  1795,  IHOI,  1805:  tU  extrene 

*  ThiH  comet  had  previously  appeared   in  the  soialineMsi,  perhaps  its  proximity  to  tbe  sun,  or 

year  lUOC  :  It  is  then  iiaid  to  have  been  four  times  other  causes,  prevented  its  being  observed  in  1808^ 

us  large  as  Vcnui:  another  of  its  apparitions  whs  lBl:i,Hnd.l8id.    It  has  been  repeatedly  obterred  ia 

in  145'j,  und  when  it  passed  near  the  OHrth,  its  luii  its  re-apparitions  since  1818,  and  its  orbit  U  now 

at  that  time  occupied  an  nrc  of  GU^*,  and    was  well  determined.    This  remarkable  body,  which 

curved  lilce  a  sabre.    It  excited  great  alarm,  as  certainly  forms  a  part  of  our  solar  system,  has  the 

coinciding  with  the  capture  of   CunKtiiutinopie  major  axis  and  Inclination  of  Ceres  {  its  aidareal 

by  the  Turks.    Its  aubsequent  apparitions  have  revolution  is  46  days  less  than  that  of  Vcatat  Its 

been  much  less  brilliant.    It  is  expected  to  re-  perihelion  falls  within  the  orbit  of  Merciirr  5  lU 

appear  in  1835.  aphelion  between  Jupiter  and  the  new   * 
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We  cannot  in  this  place  go  into  an  discovering  more,  has  given  additional 

teeount  of  the  Newtonian  theory  of  interest  to  the  problem  of  determining 

gravitation,  which  beloni^s  to  the  de-  from  observation  the  elements  of  the 

partment   of  Physical  Astronomy ;    it  orbit,  namely,  the  lonantude  of  the  pe- 

will  be  sufficient  for  our  purpose  to  take  rihelion,  the  longitude  of  the  node,  the 

it  as  a  matter  established  by  obsenra-  inclination  of  the  plane  of  the  orbit  to 

tion,  that  comets  in  general  move  round  the  ecliptic,  its  distance  from  the  sun  at 

the  sun  in   a  parabola,  of  which  that  the  perihelion,  and  the  time  of  its  pas« 

body  occupies  the  focus.    As,  however,  8a£:e  through  that  point.     As  soon  as  a 

the  parabola  is  not  a  closed  curve,  the  new  comet   is  discovered,  astronomers 

fket  of  a  comet*s  returning  periodically,  hasten  to  determine,  by  means  of  three 

which  is  now  established  with  regard  observations,  these  elements.    Having 

to  three,  proves  that  the  orbit  of  re-  found  them,  they  compare  the  first  four 

appearing    comets  is,    in  fact,  an  el-  with    the    corresponding    elements    of 

lipie;  but  the  ellipses  of  comets  being  ex-  former  comets,  as  registered  in  the  ca- 

cessivelyexcentric,  the  visible  portion  of  talogues  of  those  bodies:  should  they 

them,  which  is  always  small,  will  not  be  be  fortunate  enough  to  find  a  prior  ap- 

distinguishable  from  a  parabola.    This  pearance  of  the  same  comet,  the  com- 

is  generally  true:    there  are,  however,  parison  of  the  perihelion  passages  will 

some  cases  in  which  it  becomes  abso-  give  its  periodic  time. 
lutelv  necessary  to  calculate  the  orbit  as        It  is  no  long  time  since  the  calcula- 

an  ellipse  ;  as,  fur  example,  in  the  case  tion  of  a  comeVs  orbit  from  observation 

of  the  two  comets  of  short  periods  of  was  considered  a  most  laborious  opera- 

which  we  have  spoken.    These  two  re-  tion  ;  but  the  progress  of  astronomical 

markable  bodies  have  opened  us  to  a  science   has   so   much   simplified   the 

new  view  of  the  nature  of  comets ;  and  problem,  that  it  has  ceased  to  be  one  of 

that  of  Encke,  in  particular,  (the  comet  great  labour  or  difficulty.     As  these 

of  3|  years,)  bids  fair  to  lead  us  to  calculations  are  becoming  daily  more 

some  remarkable  discoveries.     It  has  general  and  more  interesting,  we  shall 

lon^  been  supposed  that  the  space  in  give  here  the  most  simple  and  elegant 

which  the  planets  move  is  filled  with  an  mode  of   determining  the  orbit  from 

extremel^^  subtle  fluid,  the  existence  of  three  observations ;  a  method  which  we 

which,  hitherto,  has  been  merely  con-  owe  to  Olbers. 

Jecturstl,  or  founded  upon  an  optical  We  begin  by  supposing  the  right 
theory,  which  of  late  years  has  gained  ascension  and  declination  of  the  comet 
many  partisans,  but  perhaps  can  hardlv  to  have  been  observed  on  three  dif- 
he  considered  as  demonstratively  proved,  ferent  days,  the  intervals  between  the 
The  revolutions  of  the  planets  which  observations  being  small  and  nearly 
have  now  been  so  carefully  observed  for  equal.  The  problem  is,  from  these  three 
many  years,  show  pretty  clearly,  that  if  given  positions,  to  determine  the  ele* 
such  a  fluid  exists,  it  is  too  rare  to  have  ments  of  the  parabola  described  round 
any  sensible  effect  on  their  motions,  the  sun.  The  first  step  is  to  convert 
But  as  we  have  good  reason  for  sup-  these  right  ascensions  and  declinations 
posing  the  comet  of  Encke  to  be  of  in-  into  longitudes  and  latitudes :  let  us 
comparably  less  density  than  any  planet  call  the  longitude  and  latitude  corre- 
or  satellite  of  our  system,  it  might  sponding  to  the  first  observation  k'  and 
happen  that  the  fluid  would  cause  a  /  respectively :  to  the  second  x"  and 
sensible  resistance  to  the  comet,  while  /' :  to  the  third  x'''  and  /".  Take  from 
it  was  imperceptible  for  another  body,  an  Ephemeris  the  longitudes  of  the 
Accordingly  it  has  been  found,  that  the  sun  for  the  three  moments  of  obser- 
ma^itude  of  the  axis  major  of  the  vation,  and  call  them  a',  a",  a'"  re- 
orbit  decreases  from  revolution  to  re-  speotively.  Let  now,  in  fig.  49,  S  re- 
volution, and  consequently,  the  periodic  present  the  sun ;  A,  B,  C,  the  three 
lime  diminishes.  This  result  seems  now  places  of  the  comet  |  a,  b,  c,  the  places 
pretty  well  established,  and  it  is  pre-  of  the  earth,  at  the  time  of  the  observa- 
oisely  the  effect  which  would  be  pro-  lions:  the  method  rests  on  the  following 
duced  by  a  resisting  medium.  A  few  principle, — that  the  times  between  the 
more  revolutions  will  probably  put  the  observations  being  small  and  nearly 
matter  beyond  doubt,  if,  indeed,  it  be  equal,  the  middle  radii  vectores  S  B  and 
not  eoosidered  as  already  established.  8  b  out  the  chords  A  C  and  a  c  in  D 
The  discovery  of  three  periodic  and  df  in  the  ratio  of  the  times ;  iKaX  S&« 
comets,  with  the  great  probability  of  ciiliogtheiiileni!l\Ml'N««a>XA%iX%\.vBi^ 
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Cnc 


second  observation  <';  between  the  se- 
cond and  third  i^;  then  that  ad:  dc  :: 
A  D  :  D  C  :  M'  :  /".     This  supposi- 


tion is  not  mathematically  true;  but 
when  the  arcs  A  C,  ac  are  small,  it  is 
very  nearly  so.  We  know,  by  the  theory 
ol  centripetal  forces,  that  the  times  are 
as  the  parabolic  and  elliptic  sectors, 
ANBS.  BUCS,  an  bS,bmc  S: 
while  the  ses:ments  of  the  chords  are  as 
the  triangular  sectors  A  B  S,  CBS, 
a  bS,  cbS.  The  difference  between 
these  will  be  the  small  sesnnents  A  N  B 
A,  anba,  B  M  C  B,  bmcb.  If  the 
arcs  and  sectors  are  small  magnitudes 
of  the  first  order,  these  segments  will  be 
of  the  third  order.  Besides,  it  has  been 
proved  by  Lambert,  that  for  every  para- 
bolic and  elliptic  arc  there  is  a  radius 
vector  which  will  cut  the  chord  exactly 


cot,  «•  = 


tan.  /" 


sin.(x"'— x').tan.  / 


in  the  ratio  of  the  time,  ^hen  the  sndl 
segment  ANBA,  BMCBwiUbe 
exactly  in  the  ratio  of  A  D  to  D  Ct  and 
this  will  be  the  case,  approximately,  in 
the  parabola,  when  the  arcs  are  mall 
and  the  times  nearly  equal,  as  we  have 
supposed.  The  same  will  take  place  in 
the  earth*s  path  for  intervals  very  nearly 
equal,  since  this  path  differs  so  Uttle 
from  a  circle.  Our  method,  then,  which 
is  only  an  approximate  one,  cannot  lead 
to  great  errors.  We  may  here  observe, 
that  all  methods  for  determining,  in  the 
first  instance,  the  elements  of  a  comets 
orbit,  are  approximate:  the  approxi- 
mate values  of  the  elements  once  found, 
more  accurate  values  are  obtained  by  a 
method  of  correction,  for  which  we  must 
refer  to  the  work  of  Olbers*,  the  Astro- 
nomy of  Delambre  ty  or  the  M^caniqoe 
Celeste  J, 

We  now  proceed  to  find  the  apparent 
place  which  the  comet  would  have  had 
at  the  time  of  the  second  observation, 
supposing  that  the  comet  had  really 
been  at  D  and  the  earth  at  d.  The  ap- 
parent places  ADC,  seen  from  a  c/  c,  he 
m  a  great  circle  of  the  sphere:  bd 
S  D  B  lie  all  in  one  plane ;  consequently 
all  the  points  of  the  line  dD,  seen  from 
a  given  point  in  the  line  b  S,  lie  in  one 
and  the  same  great  circle. 

To  find  the  position  of  the  line  d  D, 
we  must  determine  the  point  of  inter- 
section of  these  two  great  circles.  The 
first  passes  through  the  observed  places 
of  the  comet  at  the  first  and  third  ob- 
servation ;  the  second,  through  the 
middle  observation  and  the  place  of 
the  sun  at  the  same  time.    Take. 


-  cot.  (X "'  -  X') 


Then  the  angle  «'  -  «•  will  give  the 
point  where  the  great  circle  drawn 
through  both  extreme  places  of  the  co- 
met cuts  the  ecliptic:  the  angle  n  at 
which  it  cuts  it  is  given  by  the  equation 

tan.  / 

tan,  n  =  — : 

sin.  ^ 

The  longitude  of  the  point  where  the    Taking  now 

tan.  n 


other  great  circle  cuts  the  ecliptic  is 
evidently  =  a",  or  the  longitude  of 
the  sun  at  the  middle  observation: 
its  inclination  i  is  given  by  the  equa- 
tion 

tan.  /' 

tan.  1  =  -: — 77« =- 

sm.  (a"  -  a") 


^°*''  "  tan.  1.  sin.{A"+«--x'} 

Then  the  longitude  c"  of  the  point  of  in- 
tersections: x"— AT  +  •-.  and  the  latitude 
y'^  comes  out. 

tan.  y"  =  tan.  u.  sin.  r 
According  to   our  [supposition,  the 
chord  of  the  comet*s  path  A  C  and  the 
chord  of  the  eartlf  s  path  a  c  are  cut  by 


-  +  cot.  {a"  +  r  -  x'} 

the  lines  of  sight  Aa,  dJ),  cC  in  the 
ratio  of  the  times ;  now  the  same  ratio 
will  hold  for  all  orthographic  projections 
of  these  chords  and  lines  of  sight. 

*  Abbondlung,  tec.  iv. 

i  Astroo.,  vol.  iii.  chap,  zzlli. 

t  Vol.  i.  page  SS7. 
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.  SupiMie  in  Fig^.  50,  that  C  D  A  is  the  chord  of  f he  eartVs  path  as  before  ; 
theprojectionofthechordof thecomeVs  aAfdD,eC  the  prplections  of  the 
path  on  the  plane  of  the  ecliptic,  acd   corresponding  lines  in  fig.  49. 

Fig.  50. 


A 


€/ 


Now,  C  O 

eO 
Since 


d 

C 

:  AM  :: 

CD 
sin.  COD* 

AD 

sin.  D  M  A 

:  aM  :: 

cd 

• 

ad 

sin.  COD' 

sin.  DMA 

cdlda  :: 

:  CD:AD 

::  <":  r 

and  C  c 

=  C  0  +  cO 

Aa  = 

AM  +  aM 

• 

c  c  ::  -r 

r^   r^  T^ 

:.  Aa 

ButDMA  =  c"-x' 
COD  =  x"'  -  c". 

Also  A  a,  C  c  are  the  curtate  distances  of  the  comet  from  the  earth  at  the  first 
and  third  observations :  let  us  call  them  ^'  and  ^'''. 

••  ^  •  ^     ••  sin.  (c"  -  V)  •  sin.  (x'"-  (f) 
^  <^  sin,  (c/^  -  xQ    _^     • 

••  ^    ""^-  <'.sin.(x'"  -  O  ""'**^- 

Now  since  c"  has  lieen  already  found,  <".  sin.  (x''  -  x')  . 

M  is  a  known  quantity,  and  therefore  ^  =  ^  gj^.  (x"'  —  x')'        *  *'     ®  **™® 

the  ratio  of  /"  to  /  is  known.  ., ,  *         •      4U    r       n  &  tx  .t 

Thereare,howeter,casesinwhichthis  S^'"^  ^oT^il""^  *S^^'"''•  ^  *'  ?•* 

mode  of  finding  M  cannot  be  employed,  '""J'^  ^^'  ^^^^P^r^tl:  *  »«PP0«^<J2« 

as  when  the  apparent  motion  of  the  ^^'^^  «Tp  '^  '"^  T""^  IJ*'*"  ^^"^ 

comet  is  nearly  perpendicular  to  the  "^'?,^^^,V  "f  J'Tn  *"^   "^n**" 

ecliptic.    Then  the  (ires  c"  -  x',  and  q^ently  the  hues  6  rf,B  D  Tenr  small. 

V"  -  (/'are  evidently  very  small,  and  ,.  ^^^.fi"*^.  ^^^  r'^^^trtlu  ^'^S^i!^ 
M  cannot  be  determined  from  them  tions  of  he  lines  of  sight  cut  the  ortho- 
withaccuracy:  and  then  the  moregeneral    f  «^P*»»cal  projections  m  the  same  ratio. 


^rs  apparent  motion  is  slow    the  earth  is  perpendicular  to  it.    Take 
ly  parallel  to  the  ecliptic ;  in  ^,|  y  -       *^"'  ' 


the  comet* 

and  nearl  ...,,- 

this  case  we  must  have  recourse  to  the  *""*  "      sin.  (a"  —  x') 

one  already  given.    This  method  also  tan.  ^/^ 

has  great  conveniences  when  the  inter-  tan.  h^  =  -: — r-jj — -jr 

vals  of  time  are  very  small.    We  may  **"'  ^     "  ^^ 

then,  instead  of  calculating  c''^,  assume  it  i--  ytt  _      tan,  r^ 

equd  to  x",  and  consequently  an.  cr    -  ^^^  ^  ^  ^„i^ 
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then  y,  6^,  y  will  be  the  angles  which    since  in  this  ease  also  the  chorda  an  eal 
the  lines  of  sight  in  the  projection  mttke    in  the  ratio  of  the  times 
with  the  projected  chord  of  the  earth's  ft^  gju^  (^  _  j) 


path.    But  N  = 


tan.  y"  tan.  •' 


^'.sin.t^w-yO 


Now 


sin.  (a"-c")    sin.  (a"-x")  dcos^ 

wherefore  in  this  case  it  is  unnecessary  '^"sin  (a"-x') 

to  calculate  y"  and  c".  Nrf.cos./A' 

Call  the  projected  distance  at  the  first  /"  =  M  •  =  .        .,      ,„; 
observation  rf.  and  at  the  third  N  rf,  then,  ^^^'^  "^  ^ 

consequently 

,,     cos.  6"'.  sin.  (a"-  x')  .  sin.  (6"  -  f)  A" 
M  = 


Put  now  m 


COS.  b^  .  sin.  (a"  -  x"')  .  sin.  (&"'-  6")  i' 

sin.  (A^^  -  xQ  (tan.  &^^  -  tan.  l/),i'^ 
sin.  (a"  -  X'")  (tan.  A'"  -  tan.  b").i' 

{tan.  •^  sin,  (a^^  -  x')  -  tan.  •.  sin.  (a^^-x^Q  }  <^^ 
{tan.  ^"  sin.  (a"-x'0  -tan.  ^".  sin.  (A''  -  x'")}  <'" 

tan.  ^' 


/.  M=: 


sin.  (A"-x") 

{m.  sin.  (A^^  -  xQ  -^  tan.  •}  <^ 
{tan.  /"^m.  sin.  (a''  ^  x'")  j  /'. 


Hence  the  ratio  of  the  curtate  distances  of  the  comet  from  the  earth  at  the  fint 
and  third  observations  is  known ;  to  find  from  these  the  distances  themselves, 
we  must  proceed  as  follows :  call  S  a.  S  c  the  distances  of  the  earth  from  the  sun 
at  the  first  and  third  observations,  H',  and  R''^  call  8  A,  S  C  the  correspondiqg 
distances  of  the  comet  from  the  sun,  r',  f"'. 

Now, 

r'«  =  R'^  -  2R'  /.  cos.  (a'  -  xO+f^'-sec  • 

r'";  =  R'"  2  -  2  R'"  M .  /^  cos.  (a'"  -  x'")  +  M  V  * .  sec«  •" 

Now,  calling  the  chord  A  C,  A". 

X,  y,  z,  being  rectangular  coordinates,  whose  centre  is  at  the  sun,  the  axis  of* 
perpendicular^  to  the  plane  of  the  ecliptic ;  and  that  of  x  passing  through  the 
vernal  equinox.    Developing 


It  is  easy  to  see  that 

a/  =  p' .  cos.  x'  -  R' .  cos.  a' 

y'  =  /  .  sin.  x'  -  R' .  sin.  a' 

z'  =  p' .  tan.  ^ 

a^"  =  M' .  COS.  X'"  -  RW  .  cos.  A'" 

2^'"  =  M  p'  sin.  x'"  -  R'"  .  cos.  a'" 

jr'"  =  M  /.  tan.  ^" 

Substituting  these  values  we  get 

k'ff  =  r'^+rff^  -  2  R'  R'".  cos.  (a"'  -  a')  +2/  R'"  .  cos.(aW  -xO 

+  2M/»'R'.cos.  (A'-x^O-aMf".  cos.  (xW-xO-2Mc'«tVLl',Un,/' 
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4  F 

the  co-efficients  F,G,  and  H»  being  known  a  —  —  F  =  F. 

quantities,  and  pf  unknown,  as  well  m  ^ 

A".  If,  however,  in  the  equation  for  the 

The  most  convenient  way  in  practice  ohoid  the  angles  (a  ^x)are  greater  than 

is  to  find  p^  by  successive  approxima-  90^,  and  consequently,  the  coefficient  of 

tions,  which  may  be  easily  done  in  this  pf  positive,  then  r'  +  r'"  is  necessarily 

way.    If  V  were  known,  /^  might  be  greater  than  2  R.    In  this  case,  instead 

thus  determined :  take  F'  =  K*  -*  F  and  of  assuming  F  =  F,  we  should  take 

assume  Un,.^*-g--^g-  ^     Ta             Z 

With  one  of  these  two  suppositioni 

,        .      .       ^;'       /F'  for  V»  we  find  by  the  formulsB  given 

tnan  fy  =»  tan.  j-  ^  g^^.  above,  an  approximate  value  of  ff,  and 

this  l>eing  known,  we  may  substitute  it 

As  lon^  as  F'  is  positive,  there  is  only  in  the  values  of  /•  and  r^'",  and  thus 

one  positive  value  of  /;  when  G  is  ne*  find  r'  and  i^.  The  best  way,  however, 

gative,  the  anele^' is  greater  than  90  ^  is  to  take  some  simple  fraction  that 

But  to  find  in  this  way  an  approxi*  comes  near  to  the  value  of  ff  which  we 

mate  value  of  ^,  we  must  have  an  ap-  have  just  found,  and  to  calculate  r'*  and 

oroximate  value  of  hT,    We  may  get  r^'^* roughly, thus: 

this  from  the  following  considerations ;  supposing  r*  »  1  +  6 

F  is  the  square  of  the  chord  of  the  ^ 

earth's  path;   now,  as  long  as  both  then  r  =  l  +— ^approximately, 

chords  are  small,  we  have  very  nearly.  2+t^ 

4  p  Substitutins:  these  approximate  valu^ 

*^«  "jTZm-    ^*  ^  ^«  tti»*  ^  «nd  f^'  of  r'  and  r'"  in  the  equaUon 

•^  4F 

are  unknown ;  but  r'  +  ^'^  cannot  be  less  p  as  — — — '— ^ 

than  1,  as  long  as  the  apparent  angular  H  '^  r"'' 

distance  from  the  comet  to  the  sun  is  we  now  get  a  more  accurate  value  of  Ft 

greater  than  30^;  andontheotheirhand,  and  again  from  that,  of  /.    With  this 

r  +  r^  is  almost  always  smaller  than  3,  second  value  of  p'  we  must  now  proceed 

because  nwtXy  all  visible  comets  are  to  calculate  rather  more  accurately  r' 

within  the  orbit  of  Mars.    Hence  2  is  uid  r^".    This  having  been  done,  if  T 

always  an  approximate  value  for  r'+r''':  be  the  interval  between  the  first  and 

consequently,  one  may  always  assume  third  observations,  put  r  ;s  4  mT^  where 

at  first  log.  m = 8 .  5366 1 1 4,  then  approximately 

t^'  *  Tqvw  "^  (r'-KO^'   12(r'+r'")«  "*"'*  (r'+yO'Vli  (r'+r"')*  J^ 

Calling  the  three  first  terms  on  the  right*  With  this  more  accurate  value  of  F' 

hand  [side  of  the  equation  A,  B,  C,  r^  we  calculate  again  ^f^  which  now  begins 

spectively  to  t>e  near  its  exact  value.    If  we  repeat 

.  _      r*  the.last  process  once  more,  (wluoh  is  not 

^  '^  ft  j^ft9f  always  necessary,)  we  shall  findjf'  with 

^t  all  desirable  accuracy.    As  soon  as  ^f  is 

®  "^  in  (J  jL  mJMym  determined,  the  elements  of  the  orbit  are 

14  ^r  -f  r  jF  iowtk^  with  ease.    We  must  calculate 

*  P  =  ^  ^*.  exactly 

*^      T  r',f^^e'.ande'"  =  M/. 


•  F/  ta  rarely  negmtlve :  Ik  can  only  be  eo  when        f  Tliis  nay  ttsQy  ^9  dedoctd  from  i:4aint>crt*t 
ft  J^  rfff  la  greater  Uiaa  4.    In  UiU  ease  take     Tbcoreift-' 


<htiu 


^     ^  "         ^ .^     u«..w  i«.       tlB»flitoM»0  winbelo«8Mntoawk*\l 

Bo«hthtMVidMtof^Baybtp<Mlttvt,lmllhalwl    ,«;,»«  to  taktU  Into  iccwaaU 
U  always  Ihs  tmc  on*. 
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The  equation  fur  the  r't  is  of  this  fonn:— 

r=J7±77TTf 


px. 


When  -^-  +  ^ispo8itiveput^^  +  />  j^.p  =  tMi«f. 


negative  - 
In  the  first  case  r  = 

—second = 

Knowing  now  r',  r"',  /,  and  ^",  we 
get  the  elements  of  the  orbit  in  this  man- 
ner. Call  the  heliocentric  latitudes  at 
the  first  and  third  observations  /  and 
y"',  we  have 


8m.*f. 
cos.^ 

rin. ./  =  ^-  '•'"•  <^'  -  ^'> 
r.  COS.  X. 


sm.  I 


m 


sm. 


-      tan.  •.  // 

>      =5   — 


pf".  gin.  (A^^  -  xWQ 
r'"coi.x'" 


,,,       fan.  /"'  /)'" 


sm 


Hence  the  two  heliocentric  longitades^ 
and  fi"'  are  known.  If  we  call  now  I  the 
angiilar  distance  of  the  comet  from  its 
ascending  node,  measured  along  the 
Call  the  heliocentric  elongations  from  ecliptic,  then  iS' —  |  is  the  longitude  of 
the  earth  at  the  same  time  /, «''',  then       the  node.    I  is  found  from  the  fonnnk 

\  2      J      Sin.  (•"  -  /)  \      2       / 

The  perihelion  distance  (f  is  found  fay 

the  formula 


tan. 


tience  I  and  the  longitude  of  the  node 
^8'  —  I  =  8  is  known. 

The  inclination  of  the  orbit  to  the 
plane  of  the  ecliptic  is  found  by  the  for- 
mula 

tan.  ^ 
tan.  i  =  - — -. 
sin.  I 

being  the  inclination  in  question. 


d  =  r'cos.— . 
2 

All  the  elements  of  the  orbit  are  now 
found,  except  the  time  of  the  passige 
through  the  perihelion  ;  this  is  eas^ 


s  ueing  u  e  .uci  uHHun  m  quesi.on.  f^^^ j  j     ^^    ^  ^  pirabolic  motiOD. 

Toget  the  heliocentric  distances  of  the    -.,u;«u  „;„«„  .V„  «/ii;«i  #  4U^  •L!^\r-«1 
«n«,.f  fvn«,  -i»o  «o.io  «,.oc».o^  Jr,  IK.    ^yn^ch  givcs  US.  calhng  t  the  Ume  from 


comet  from  its  node  measured  in  the 
plane  of  its  orbit «/'  and  »/"' 

tan.  $ 


tan.  i/  = 


tan.  i/"  = 


cos.  /. 
tan,  (g  +  /3^^^  -  ^0 

COS.  '. 


the  first  observation  to  the  pehhelioa 
passage, 

X  representing  a  semicircumference  to 


\  tan.  -^  +  i.tan.»»l 


NowV"  —  i/  is  the  difference  of  the    radius  =  1,  and  T  being  the  duration  of 
true  anomalies  at  the  first  and  third  ob-    a  sidereal  revolution  of  the  earth*. 


v'"  =  X* 


servations.    Let  t/  — 

tail. ,  =  ^L. 

tan 


and  take        This  expression  is  very  inconvenieDt 
for  finding  the  anomaly  when  t  is  given. 


'■a-f)- 


tan.  (45°  -  *) 


tan.  — 
4 


where  ^  is  the  true  anomaly  at  the  first 
observation.  But  knowmg  ^,  we  know 
the  longitude  of  the  perihelion  *. 

•  u*  and  «"'  represent  the  heliocentric  diittances 
of  the  comet  from  the  node  measured  iu  the  plane 
of  it*  path  }  adding  t;  to  ^  «*€  (trt  the  distance  ofthe 

perihelion  from  the  node ;  project  this  distance  on  _^^ 

the  ecliptic,  and  add  it  to  the  longitude  of  the  node,     remembered  that  the  Uin«  it  conntcd' AaoTliit 
mud  we  shall  hare  the  longitude  of  the  perihelion.       perihelion,  or  <  =  0  when  *  s:  9. 


*  The  law  of  the  eiuable  description  of  aiva> 
which  holds  in  all  cases  of  bodies  acted  upon  kf 
centripetal  forces,  gives  us  the  equation 

By  the  properties  of  the  parabola 

d 
r  =    

cos."  4- 

S 

where  d  is  the  perihelion  distance. 
Substituting  tbts  value  of  r,  and  r«nieabcriiig 

**»•'«  =  ij^t  we  shall  get.  apon  IntegratioD.  Ib« 
expression  for  /,  given  In  the  test.    It  mast  be 
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as  we  have  to  solve  a  cubic  ecjuation.  ments  by  allowmg  for  the  eHipticity  of 
Astronomers  have  eluded  this  difficulty .  .the  orbit.  The  best  way  of.  doin^  this 
by  calculating  the  time  corresponding  is  as  follows.  The  semi-axis  major  is 
to  every  decree  oL  anomaly,  for  a  comet  known,  the  periodic  time  being  known  ; 
whose  perihelion  distance  is  equal  to  for,  by  Kepler*s  third  law,  the  squares 
unity,  or  the  mean  distance  from  the  of  the  periodic  times  are  as  the  cubes  of 
sun  to  the  earth :  then  the  time  for  any  the  major  axis :  the  periodic  time  of  the 
griven  anomaly  for  another  comet  is  earth  is  known,  and  its  semi-axis  major, 
found  by  taking  from  the  table  the  time  Now,  the  semi-axis  major  being  known, 
corresponding  to  the  given  anomaly,  the  excentricity  may  be  found  by  subr 
and  multiplying  it  by  d  ^.  Such  a  table  tracting  from  it  the  perihelion  distance. 
as  that  we  speak  of  is  usually  called  Hence  a  ^,  and  consequently  tf,  is  known* 
table  of  the  comet  of  109  days,  because  e  being  the  ratio  of  the  excentricity  to 
a  comet  whose  perihelion  distance  is  the  semi-axis  major.  Now,  the  anomaly 
unity,  takes  nearly  109  days  to  describe  in  a  very  excentric' ellipse  may  be  de- 
90^  of  anomaly  from  the  perihelion.  If  duced  from  the  corresponding  anomaly 
the  comet  be  well  known  to  recur,  as,  in  a  parabola,  by  addii^  to  the  parabolic; 
for  example,  that  of  Halley,  it  may  be  anomaly  u  a  small  angle  ^,  which  is  de- 
desirable  to  correct  the  parabolic  ele-  termined  by  the  equation 

»in.  ^  =  Ja-  *an.  2  I  4  -  3  cos.  ■  ^  —  6  cos.  *  -^V. 

We  find  then,  by  the  tables  of  comets,  the  parabolic  anomaly  v  corresponding  to 
the  given  time :  we  add  to  it,  and  c;  +  ^  will  be  the  elliptic  anomaly.  The 
elliptic  radius  vector  may  be  calculated  by  the  expression 

The  following  example,  taken  from  Olbers,  will  contribute  to  make  the  subject 
more  intelligible,  while,  at  the  same  time,  it  will  show  the  simplicity  and  shortness 
of  the  method.  From  three  observations  of  the  comet  of  1769,  the  three  corre- 
sponding longitudes  and  latitudes  have  been  deduced,  as  follows : — 

days  hour* 

September    4     14    0 

8    U    0 

12     14     0 

The  tables  of  the  sun  give  us  for  these  three  moments— 

A  log.  R. 


X 

4 

80®    56' 

11" 

17®    51' 

39" 

lOl*'       0' 

54" 

22®      5' 

2" 

124*^     19' 

22" 

23®    43' 

55" 

162®  42'  5" 
166°  35'  31" 
;70®^9'  20" 


0*003132 
0-002665 
0*002184 

<" 
Hence  i'  =  <'^  a  4  days  .'.  p  =  1  and  T  =  8  days. 

The  first  thing  is  to  determine  M :  for  this  purpose,  we  have  to  calculate  the 
expression  . 

tan.  ^' 

^  *"  sin.  (A"  -  X") 

„  -^        tn.  sin.  (a"  -  x')  —  tan.  / 

Hence  M  « znr^ .        ,. r^r 

tan.  ^"  -  tn.  sin.  (a"  -  x"'j 

and  then  the  two  equations 

f/t  =  R  M  ^  2  RV.  COS.  (a'  -  x')  +  e  '■  «ec. «  ^' 
f/"!  =  RWi  -  2  R"' M. e'. COS.  (A"^ -  X'") -h  M«c'^8cc.«/". 
Hi  our  ease,  these  equations  become 

r'  *  =  r01453  -  0*28854  ^  +  1*10393  ^ 
r^  •  a  I-OIOU  -  r21482  f^  +  0*90869  c^ 
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Tlw  equation  for  the  ehord  it 

k»^f*9  +r^«-2RR'".cojr.  (A'''-.  aO  +  2  R'»^  cof .  (a'"  -  x')/  +  9K 
cos.  (a'  -  x'")  M  e'  -  2  M.  cos.  (x'^  -  x^ f'*  -  2  tin.  /.  tan.  /»'.  M^« 

or  *  «  =  0-  01868  —  0-  10954  ^  +  0'  49702  /  ■• 

In  order  to  solve  this  equation  by  approxiinatioii«  we  must  have  reeonrae  to  the 
formulas 

tan.^=^.^-g.ande  =tamj.     ^h 

We  have  F  »  0*  01868        G  =  -  0*  19954        H  c  0*  49702* 

If  we  suppose  now  F  a  F,  we  find  ^  »  0'33d2f  take  then  /  »  I 

the  formuls  r  •  =  1  -f-  6 

give  us        r*  =  1-02,  r^  -  0'83    .♦.  r'  +  r*  a  1'85,  utd  r  e  fH   F. 

1*85 

With  this  value  of  F'  we  calculate  e'  over  again»  and  find  for  it  0*  3465.  Wiih 
this  value  of  ^,  we  now  calculate  accurately  the  values  off'  and  r^»  and  weaet 
r'  =  102326,  r'  =  0-83565  /  +  r"'  =  1*85891.  To  determine  F  fhmi  & 
value  of  /  +  H^f  we  employ  the  series 

F  =  A  +  B  -  F,  where  A  «'^  ,-^ 

A« 

"  12.  (r'+r^ 

r  IB  4mT 

C  beinii;  in  this  case  insensible.  Hence  we  obtain  F  a  0*222112,  and  firom  tKs 
^'  =  0*34817 :  as  this  value  of  ^  is  so  near  the  former  0*3465,  it  is  unneceasaiy  to 
pursue  the  approximation  any  farther.  /  being  thus  found,  the  elements  of  the 
orbit  are  easily  determined  by  the  equations  in  page  37.    We  find  these 

1.  The  heliocentric  latitudes 

7/  =  6   17  34         y'^^  =  9®  12'  19" 

2.  The  heliocentric  elongations  from  the  earth 

•'  =  19  47  4        i^  =  15°  25'  16'' 

3.  The  heliocentric  longitudes 

^  «  2°  29'  52"        /y»'  ss  5®  54'  36" 

4  .  Angular  distance  of  the  comet  from  the  node  on  the  ecliptic 

?  =  7°  11'  45" 

5.  Longitude  of  the  descending  node 

a^  -I  =.  355*^  18'  7"        .        .       .        (I.) 

6.  Inclination  of  the  orbit  =  41°  21'  30"        .       •       .  (II.) 

7.  u'"  -  1/  =  a:  =  4°  27'  46" 

8.  True  anomaly  of  the  comet  at  the  third  observation  =  ^  =  135^  52'  24" 

9.  Longitude  of  the  perihelion  =  145°  11'  11"    •        .     (III.) 

10.  Perihelion  distance  =  0*11872     .        •        .        .  (IV.) 

11.  Time  from  the  third  observation  to  the  perihelion  passage 

-  24**  20>»  22'  .*.  time  of  the  perihelion  passage  is  Oct.  7.  10**  22"»  (V.) 

places  of  the  sun,  moon,  and  planets 
Chapter  X.  for  any  given  instant  may  hm  tbuuL 

Of  the  utility  of  such  tables,  it  is  nn- 

Construction  of  the  Tables  of  the  Sun,    necessary  to  say  anything :  the  reader 

Moon,  and  Planets. — Equations  of   vnll  have  already  perceived  that  such 

Condition, — Method  of  least  Squares,    calculations  must  he  of  frequent  reoor- 

rence  in  astronomy,  and  therefore  it  is 
To  avoid  tedious  calculations,  astrono-  of  the  utmost  importance  to  aimpliiy 
mers  have  formed  tables  by  which  the    them  as  much  as  possible.     As  the 
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tablei  of  the  fan  are  of  more  frequent  the  loni^itode  beini^  known,  may  then  be 
QtiUty  than  the  others,  we  shall  com-  detennined  as  we  have  just  shown:  but  if 
mcnce  by  giving  some  account  of  their  we  wish  to  have  his  absolute  position 
eonstniction.  in  space,  we  must  also  know  his  dis- 

tance from  the  esrlh,  or  the  radius  vro- 

SsCTlON  l.^Tablei  of  the  Sun.         J^'  ^J  ^.»  %^'^  ^\^^^\.  "^ment.    The 

*^  longitude    fixes   the  direction  of   the 

It  it  haidly  necessary  to  premise,  that  nuiius  vector ;  the  length  of  the  latter, 
what  we  call  the  tables  of  the  sun  are  in  the  absolute  position  of  the  sun  on  it. 
reality  tables  of  the  earth ;  since  it  is  Let  us  begin  by  showing  how  the 
the  latter  body  which  is  in  motion  round  longitude  may  be  found.  The  first  ap- 
the  former.  As,  however,  in  practice,  proximation  is  to  neglect  the  ellipticity 
the  object  is  to  determine  the  apparent  of  the  orbit,  and  to  suppose  the  motion 
place  of  the  tun,  as  seen  l)y  a  given  of  the  sun  in  his  orbit  circular  and  uni- 
observer ;  and  as  it  is  immaterial  whe-  form.  This  motion  will  be  proportional 
ther  his  motions  are  real  or  apparent,  to  the  time ;  and  the  place  of  the  iio- 
we  shall  continue  to  speak  of  him  as  if  titious  sun  thus  moving  will  give  what 
he  were  the  moving  body.  The  reader  is  called  the  mean  longitude :  this  it  is 
will  bear  in  mind  that  all  'the  inequali-  necessary  subsequently  to  correct  to  get 
ties  whieh  we  shall  presently  mention  the  true  longitude.  To  find  the  mean 
■re  ifie^tudities  in  the  earth's  own  orbit,  longitude,  it  is  necessary  to  know  the 
We  begin  then  by  supposing  the  earth  mean  velocity  of  which  we  have  spoken, 
to  be  in  the  focns  of  the  ellipse  described  and  the  longitude  of  the  sun,  at  some 
round  it  l)y  the  sun,  which  ellipse  of  one  time,  which  is  called  the  epoch, 
toarwt  lies  in  the  plaine  of  the  ecliptic.  Knowing  these,  we  may  find  the  mean 
The  problem  is  to  determine  what  point  longitude  at  any  other  time ;  since,  as 
of  its  ellipse  the  centre  of  the  sun  occu-  the  velocity  is  supposed  uniform,  this 
piet  at  any  given  instant.  longitude  will  be  proportional  to  the 

Now  evidently,  if  we  know  the  Ion-  time.  The  determination  of  the  epoch 
lOtnde  of  the  sun,  his  position  in  the  is  a  matter  entirely  of  observation.  It 
cdestial  sphere  is  determined,  since  the  is  usual  to  take  the  beginning  of  some 
inclination  of  the  ecliptic  to  the  eouator  particular  year  for  epoch*,  and  to  de- 
is  known  ;  and  we  may,  b]^  the  solution  termine  the  place  of  the  sun  for  that 
of  a  ri^t-angled  spherical  triangle,  time  by  a  great  number  of  observations 
obtain  hu  right  ascension  and  declina-  made  shortly  before  and  afterwards, 
1km,  which  determine  his  apparent  posi-  and  reduced  to  that  instant  by  the  mean 
tiOQ  OB  the  celestial  sphere.  motion,  which  may  always  be  supposed 

sufficiently   well  known    to   serve  for 
ffsw,  51^  short  intervals. 

The  mean  motion  is  ascertained  by 
comparing  two  epochs,  determined  care* 
fully  by  observation    at  very   distant 
periods ;  for  example,  at  an  interval  of 
50  years.   As  the  inequalities  of  the  sun*s 
motion  return  to  nearly  the  same  value 
within  the  course  of  a  year,  they  will 
disappear  in  such  a  comparison  as  that 
Lrt  OP  be  the  vernal  equinox  ;  qp  S,  the    just  mentioned,  and  we  shall  obtain  the 
celiptic;   qp  M,  the  equator;    S  the    mean  motion  of  the  sun  in  this  interval 
plaee  of  the  son ;  8  M  an  arc  of  a  great    with  great  accuracy :  if  we  divide  this 
eirclfl  at  right  angles  to  cys  M  :   then    by  50,  we  get  the  mean  motion  for  one 
OP  8  will  be  the  sun's  lonintude.    If  we    year.    Now  this  l^eing  known,  let  us 
know  this,  and  the  angle  M  cp  S,  which    suppose  that  the  longitude  for  the  be- 
lt the  obliquity  of  the  ecliptic,  we  can 
ealeulate  qp  M,  the  right  ascension. 


M  8,  the  declination  of  the  sun.  ,  *  '^^■*L\"  ^"'" /^^  "t^^V?  *mI^°'  '^"".^^ 

•--       ulii          1   •           I.                Ai     u         41.  the  midnight  (mean  time  at  Parl«)  which  separateii 

we  UMll  eXplam   tUDSe<^Uentiy  now  the  one  year  from  the  prcoediug  j  namely,  that  be- 

Obliqnity  of  the  ecliptic  is  determined  :  twe«n  the3Ut  of  December  and  the  Ut  of  Janu- 

^>-  A>^  n.-.-nt   «»«»  «•.•%.»«•«    :4-   1»M^«.M  .  ""T'    Thoreaaon  of  thlalu,  that  theanironomlcnl 

nr  ine  preeenx   we  suppose   II  Known  .  day  of  the  French  !•  counted,  like  the  ciTll  day, 

•I  then  denendi  upon  finding  the  SUn*S  from  midnight  to  mldnlirht.  while  the  aatronomlcal 

Mode  for  the  inrttnt  required.    The  -JJ  "^  IV^jrtTiS^Z'^^SSiSi 

wan  ■ppvnt  position  in  the  hetvena,  tUi  diffensce. 
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ginning  of  the  year  1800  has  been  care- 
fully observed ;  by  addinfi^  to  it  once, 
twice,  three  times  the  motion  for oneyear, 
and  so  on,  we  ?et  the  longitudes  for  the 

?ears  1801, 1802, 1 803,  &c.,  successively, 
"hese  longitudes,  being  entered  into  a 
table,  form  what  is  called  a  table  of 
epochs.  But  knowing  the  mean  motion 
for  one  year,  simple  division  will  give  us 
the  mean  motion  for  a  day,  an  hour,  and 
a  minute.  To  save  trouble,  the  mean 
motion  is  given  in  the  solar  tables 
ready  calculated  for  every  day  in  the 
year,  and  every  hour  and  minute  of  the 
day.  To  find,  then,  the  mean  lonsritude 
of  the  sun  for  any  given  moment,  as, 
for  example,  23d  Sept.  1805,  at  9 
minutes  after  4,  mean  Paris  time, 
begin  by  faking  from  the  Table  of 
Epochs,  the  mean  longitude  for  (he 
beginning  of  the  year;  this  is,  by  De- 
lambre's  tables,  280°  1 1'  2"-8 ;  by  the 
same  tables  the  mean  motion  from  the 
beginning  of  the  vear  to  the  23d  Sept. 
is  261°  11'  47''-4;  add  this  to  the 
epoch,  and  subtract  ins:  a  whole  circum* 
ference,  we  get  181°  22'  50"-2.  To  this 
we  must  add,  from  the  tables,  the  mean 
motion  for  4  hours,  which  is  9'  51  "-4, 
and  that  for  9  minutes,  which  is  22"'2 ; 
so  that  finally  we  obtain  for  the  mean 
Jongitude  of  the  sun,  at  the  instant 
abovementioned,  181°  33'  3"-8. 

To  understand  how  the  elliptic  motion 
of  the  sun  is  calculated,  we  must  refer 
to  the  following  figure : 

Fig,  52. 


Let  P  E  A  F  be  the  apparent  ellipse 


described  by  the  sun  round  Ihe  earth  T, 
which  occupies  the  focus.  Let  F  £  be 
the  line  of  the  e<}uinoxes,  on  the  pro* 
longation  of  which,  in  the  celeslial 
sphere,  are  the  points  pp  and  =£^;  let 
afpe  l)e  a  circle  described  round  the 
centre  T,  and  concdve  a  fictitious  son 
8',  which  describes  this  circle  with  an 
uniform  motion,  and  its  velocity  sueh 
that  it  is  on  the  radius  T  P  drawn  to 
the  perigee  P,  when  the  sun  S  is  at  P, 
and  it  returns  to  P  with  S  at  the  end  of 
each  revolution.  At  the  point  P,  S  has 
its  greatest  velocity,  and  immediately 
gets  beyond  S'  which  moves  with  a  uni- 
form velocity.  At  a  given  time  firom 
their  being  both  on  the  line  T  P,  S  will 
be,  as  it  were,  at  Q,  while  S'  is  only  at 
q.  But  on  the  other  hand,  as  S  a|)- 
proaches  its  apogee  A,  its  velocity  di* 
minishes,  while  that  of  S'  always  re- 
maining the  same,  it  finally  comes  up 
to  S',  and  reaches  it  when  lx)th  are  on 
the  line  T  A.  The  velocity  of  8  is  then 
the  least,  and  it  is  passed  by  S';  but  the 
velocity  of  8  gradually  increasing,  it 
finally  reaches  S'  on  the  line  T  P.  It 
appears  from  this,  that  from  P  to  A,  S 
is  before  S',  while  from  A  to  P,  S'  is 
before  S.  Suppose  at  a  given  moment 
<7  to  be  the  place  of  S',  and  Q  that  of  S ; 
the  angle  7  T  P  is  called  the  mean  ano- 
maly, Q  T  P  the  true  anomaly ;  the  arc 
E  A  P  Q  will  be  the  true  loneritude ; 
eapq  the  mean  longitude;  eafp  will 
be  the  longitude  of  the  perigee.  It  is 
easy  to  see  that  in  all  cases  the  mean 
anomaly  =  the  mean  lons^itude  of  the 
sun  —  the  longitude  of  the  perigee. 

AVe  must  here  remark,  that  the  solar 
perigee  is  not  a  fixed  point  in  the  hea- 
vens, but  moveable  according  to  certain 
laws,  the  investigation  of  which  belongs 
to  the  department  of  Physical  Astro- 
nomy. It  may  be  stated,  however,  as 
a  result  of  observation,  that  it  has  a 
motion  to  the  eastward  of  nearly  12" 
annually*.  Of  this,  however,  it  is  un- 
necessary to  say  more,  as  the  solar 
tables,  by  the  side  of  the  column  of  the 
epochs  of  the  mean  longitude,  give  the 
epochs  of  the  longitude  of  the  perigee 
from  year  to  year.  A  simple  subtrac- 
tion accordingly  will  give  the  epoch  of 
the  mean  anomaly.  In  the  same  way, 
by  the  side  of  the  column  giving  the 
motion  in  mean  longitude  for  months, 
days,  hours,  and  so  on,  is  given  the 
motion  of  the  perigee  for  the  same,  so 
that  another  subtraction  gives  the  mo- 


*  This  motion,  referred  to  the  ecliptic,  will  appear  to  be  about  Hif  annually,  lo  conttqacDce  of  tbc 
preccwion  of  the  equinoxes. 
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tion  of  the  mean  anomaly  for  any  re- 
quired fraction  of  a  year  *. 

We  now  proceed  to  determine  the  el- 
liptic place  of  the  sun.  For  this  pur- 
pose, as  the  real  or  elliptic  sun  is  at  Q, 
while  the  mean  sun  is  at  9,  we  must  find 
the  angle  9TQ,  and  add  it  to  the  mean 
longitude  e  ap  q.  This  ancfle  is  called 
tlie  equation  of  the  centre.  Theory  gives 
us  the  equation  of  the  centre  in  terms 
of  the  mean  anomaly  ;  and  in  the  solar 
taUes  there  is  a  table  giving  this  equa- 
tion for  every  ten  minutes  of  mean  ano- 
maly, t  The  equation  of  the  centre  is 
subject  to  a  very  slow  secular  variation, 


which  tends  gradually  to  diminish  it; 
that  is,  in  fact,  to  make  the  solar  orbit 
more  nearly  circular:  this  change  is 
very  small ;  the  tables  give  a  .column 
in  which,  by  the  side  of  each  value  of 
the  equation,  is  found  the  corresponding 
variation  for  100  years,  counted  from 
1810.  A  proper  fractional  part  of  this 
variation  must  l>e  taken,  according  to 
the  year  for  which  we  calculate  :  uius, 
if  we  are  finding  the  equation  of  the 
centre  corresponding  to  3°  20'  of  mean 
anomaly  in  the  year  1840,  we  find  in 
the  first  column  the  equation  of  the 
centre  =  6'  6"'4 ;  then  under  the  head 


(  Longitude  of  the  perigee  for  Jan.  let,  1805  =  879°  34'  13" 
*  To  follow  the  example  already  given  by  J  Motion  of  the  perigee  up  to  Sept.  83      =s  45'' 

l>eiambre*s Tables .,\  

t  Longitude  of  the  perigee  Sept  83,  1805  =879    34  68 

Mow  we  foand,  for  the  aame  time,  mean  longitude  of  the  sun  =  181°  33'  3** '8 

Difference  a  mean  anomaly  =  861    58  5  -  8 

It  la  Important  to  remark,  that  in  the  Solar  Table*  of  Delambre.  which  are  those  most  used,  and 
wUeb  wt  are  now  foUowing,  the  anomaly  is  counted  from  the  perigee }  in  the  case  of  comets,  which 
mn  always  Invisible  at  their  aphelion,  this  is  absolutely  necessary  }  but  in  many  tables  of  the  sun  aod 
planeta  the  anomaly  is  counted  from  the  apogee. 

t  Kepler '•  first  law  gives  us  the  equation 

r*dv  :=:edt 

when c  ss  V^  V«  .  (I  —  •■) 

/*  being  the  sum  of  the  masses  of  the  sun  and  planet. 
The  equation  to  the  ellipse  gives 

r  =  ■: ^ -• 

1  -|-  e  .  COS.  V 

Substituting  for  r^  in  the  first  equation,  we  get 


dt=i 


.*(l-*^* 


d» 


•  (1  +  «  .  coa.  V) 


*  • 


Tu  integrate  this  expression,  take  another  variable  «.  such  that 

cos  u  —  t 


COS.  «   s 


1  -  tf  .  COS.  « 


.1 


Hence  «  +  C  =  ^ »fdu  (1  -  e .  cos. «). 

Taking  the  time  to  run  from  the  perihelion,  f  -a  0  when  «  =  0  }  and  putting 


=   —    we  gel 


nt  =s  u  -  e  ,  sin. « 


(fl) 


nil9  the  mean  anomaly ;  the  auxiliary  angle  u  is  technically  termed  the  eccentric  anomaly,  e  the  trne 
ftiiomaly.    U  will  be  seen,  by  referring  to  the  value  of  cos.  a,  that  the  fallowing  relaUou  holds 


t*n-j  =  ^L±_L  .tan.    -^ 

From  equaUon  (6)  we  get  the  series 


(ft) 


»  =  «  +  e  .  sin.  u  -f-  -—-   .  sin.  8  a  . (c) 


sod  from  equation  (a) 

«  =  »/  -f  tf  .  sin.  nt   +  .--  .  tin.  Snt  .  . 
SobsUtatlng  ia  (cr)  the  value  of  «  from  (rf }  we  get 

v  =  nt-^ae  ,  sin.  Hi  +  —  .  e^.  sin.  8iK 


(rf) 


(I) 


Now,  the  rquat!  jn  the  centre  =  true  anomaly  -  the  mean  anomaly, 

B  8c  .  f  in.  ttl  -f-  -4"  *  '^ '  '^"'  ^"^  "^ 


(fi\ 


o 
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secular  variation  l''*04 ;  the  handredth  being  suppoeed  divided  into  a  thoiisaiid 

part  of  this,  *0104,  will  be  the  variation  parts;  they  are  preceded  bjr  a  eohimi 

for  one  year;  we  must  multiply  this  by  neaded  N,  which  gives  the  supplemtnt 

30,  the  number  of  years  from  1810,  of  the  moon's  node,  which  is  necessaiy 

which  gives  *312;  it  will  be  observed,  for  the  calculation  of  nutation.    Theat 

bylooking  to  the  top  of  the  column,  that  columns  give  us  the  respective  quan* 

the  secular  variation  is  negative;  this,  titles  (technically called afymiMMte)  with 

then,    must  be   subtracted    from  the  which  we  enter  anotlier  table,  ufaieh 

equation  of  the  centre  above  found,  and  gives  the  corresponding  cfliBeta  aa  the 

we  flnallv  get  its  value  for  the  time  re«  longitude  of  the  sun.    All  theea  miiat 

quired  6'  6"'08.  be  added  together  to  get  the  total  qun- 

The    equation   of  the  centre  l>eing  tity  of  the  perturbations,  and  then  qn 

added  to  the  mean  longitude  of  the  sun,  pked  to  the  sun's  longitude, 

we  have  now  got  his  elliptic  longitude.  Lastly,  it  would  be  necesMiy  to  take 

but  we  have  not  yet  got  his  apparent  into  account  aberration.  The  lolar  oriMt 

place,  as  there  are  still  some  trifling  in-  being  very  nearly  a  circle,  the  aberralion 

equalities  to  be  considered.    In  the  first  of  the  sun  is  sensibly  constant,  and 

place,  we  have  ahready  shown  that,  in  always  equal  to  2(i"'2b :  it  is  found,  in 

consequence  of   the    nutation  of  the  consequence,  more  convenient  to  iadade 

earth's  axis,  the  real  place  of  the  equi-  it  in  the  epochs  of  the  table :  it  has  t)een, 

nox  oscillates  about  the  mean  place ;  and  in  forming  the  epochs,  ahready  taken  into 

as  we  want  the  sun's  longituae  counted  account.    Strictly  speaking,  the   sun's 

from  the  real  equinox,  we  must  add  to  orbit  being  an  ellipse,  the  aberration 

his  mean  longitude  the  motion  of  the  varies  a  liUle  in  different  puis  of  the 

equinox  on  the  ecliptic.    We  have  seen,  orbit,  and  a  small  table  shows  the  qnu- 

page  15U,  that  this  is  represented  by  the  tity  to  be  added  for  every  three  df^giees 

expression  -   18  .  sin.  H  .  cot  2  «,  of  true  anomaly:  but  as  the  maximum 

where  Q  is  the  longitude  of  the  moon's  of  the  variation  is  only  0"-34,  we  need 

node,  and  «  the  obliquity  of  tlie  ecliptic,  take  no  further  notice  of  it  in  this  pbuee. 

This  formula  has  been  reduced  into  a  Resuming  all  that  has  been  aaid,  we 

table,  where  for  every  ten  *  parts  of  the  find  the 

supplement   of  the    longitude   of   the  True  longitude  (p  =  mean  longitude 

moon's  node  the  motion  of  the  equinox  Q  +  equation  of  tne  centre  +  natation 

on  the  ecliptic  is  given.  This  only  gives  +  perturbations, 

us  the  lunar  nutation :  if  we  wish  to  be  The   sun's  latitude  may  always  be 

very  accurate,  we  must  take  into  account  supposed  =  0,  though,  in  fact,  the  per- 

the  solar  nutation  ;  this  depends  directly  turbations  produce  a  very  small  latitude, 

upon  the  suns  mean  loniritudet,  and  which  never  amounts  to  1". 

another  small  table  gives  tiie  effect  on  We  have  now  found  the  sun*sappa- 

the    equinox  from  live    to    five    days  rent  position  in  the  heavens,  or  the  di- 

throughout  the  year.  rection  in  which  he  is  viewed:  the  ellip- 

Besides  all  this,  the  attractions  of  the  tic  theory  gives  us  his  distance  or  radius 
larger  planets,  Venus  and  Jupiter  parti-  vector,  or  rather  its  loffarithm,  in  terms 
cularly,  disturb  the  orbit  of  the  earth,  of  the  mean  anomaly.  This  will  be  foiuid 
and  prevent  that  body  from  describing  tabulated  for  every  degree  of  mean  ano- 
exactly  an  ellipse.  The  calculation  of  maly,  and  other  tables  give  the  effect  of 
these  perturbations  belongs  to  the  the  perturbations  upon  this  logarithn. 
highest  department  of  mathematical  It  must  be  observed,  that  here  also  is  a 
science ;  it  is  enoujxh  for  our  purpose  in  secular  variation,  forming  a  column  by 
this  place  to  mention,  that  the  effects  of  the  side  of  the  logarithms  of  the  radius 
these  perturbations,  as  well  on  the  vector,  to  be  applied,  as  we  have  ex- 
epochs  as  on  the  motions  for  days,  plained,  when  speaking  of  the  secular 
hours,  &C.,  are  given  in  the  tables  in  variation  of  the  equation  of  the  centre, 
columns  headed  respectively  A,  13,  C,  Tiie  sun's  mean  horizontal  parallax  is 
and  so  on.  These  numbers  A,  B,  C,  . . .  about  8"o :  the  parallax  in  altitude  may 
represent  the  angular  diNtances  of  the  be  deduced  from  it  by  the  usual  for- 
different  planets  from  the  earth,  as  mula.  The  horizontal  parallax  varies 
seen  from  the  sun,  the  circumference  inversely  as  the  distance  from  the  earth: 


•The  whole  rlrcu inference  is  nupposed  dividwl  Into  1000  parts. 
tXbe  formulo  is  —  1"34  .  tin.  » A  .   cot.  •».    !jee  page  ICl. 
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Imt  iff  Tafuitioiitf  we  io  sniaQ  m  to  bc»  of  the  tmofi  9u%  as  it  is  called,  8'',  is 

^tiite  insensible.  always  equal  to  the  longitude  of  S'* 

It  is  of  ml{M)rtance  to  know  the  ettfl*s  whicn  is,  as  we  have  before  stated  in 

Apparent  semi-diameter:  this  also  varies  other  terms,  the  mean  longitude  of  the 

iittersely  as  the  distanoe  from  the  earth,  sun.    B^  reHnring  to  what  has  been 

that  li,  as  the  radiiis  vector:  it  is  given  said,  p*ge  193,  abdut  SS  it  will  be  seen 

in  the  tables  for  every  degree  of  mean  thAt  this  telation  must  subsist:  as  both 

iflomahr  (the  radius  vector  itself  bemg  8'  and  W^  start  from  the  same  point, 

t  ftmeflon  of  the  mean  distance  and  and  describe  the  one  the  equator,  the 

ilMan  anomaly) :  the  hour  angle  sub-  other  the  eoliptie,  with  an  umform  velo- 

tended  by  the  semi-diameter  is  equal  to  city  in  the  same  time,  the  daily  returns 

the  semi«diameter  divided  hy  1 5  x  eosine  of  8^'  to  the  meridian  determine  the  inter- 

of  the  declination.  This  ill  placed  in  an  val  called  the  mean  soUur  day,  and  mean 

aiQoitting  column.  time  depends  absolutely  on  the  ri£ht 

The  motion  of  the  sun  in  longitude  in  ascension  of  S'^  the  mean  sun,  or  rather 

aliy  given  time  varies  inversely  as  the  is  identical  with  it.    True  time,  on  the 

iquare  of  the  distanoe  of  the  sun  from  contrary,  is  measured  by  the  true  right 

the  earth  *.    This  variation  is  not  con*  ascension  of  the  sun,  and  the  differenee 

siderable,  as  the  solar  ellipse  differs  not  between  true  and  mean  time,  called 

fiueh  from  a  ckck ;  still,  however,  it  is  technically  the  equaHan  o/Htne^  is  equal 

neoessarr  to  take  into  account  the  effect  to  the  differenee  of  these  two  right 

produced  by  the  variation  of  distance,  ascensions. 

The  tables  give  the  motion  in  an  hour.       The  equation  of  time,  hoirevef*^  mMr 

or  the  horary  motion,  corresponding  to  be  represented  in  another   form.     It 

every  different  degree  of  mean  anomaly ;  evidently  depends  upon   two   causes; 

the  distance  from  the  earth,  or  radius  the  unequal  motion  of  the  sun  in  the 

Yector,  being  a  function  of  the  mean  ecliptic,  and  the  inclination  of  that  orbit 

anomaly,  and  it  being  more  convenient  to  the  equator.    The  first  effect  is  re^ 

to  express  the  horary  motion  in  terms  of  presented  by  the  equation  of  the  centre ) 

the  latter  than  the  former  quantity.  the  second  by  the  difference  between 

The  longitude  of  the  sun  being  once  the  longitude  measured  on  the  ediptic 

known,  we  may,  by  the  method  already  and  the   same  when   ndnced  td  the 

explained,  calculate  his  true  right  ascen-  equator.   Consequently*  (neglecting  the 

sion  and  declination.  Astronomers  sup-  perturbations,)  the  equation  of  time  = 

pose  a  fictitious  sun,  8^^  which  describes  equation  of  the  centre  +  the  reduction 

the  equator  with  an  uniform  velocity,  of  the  true  longitude  to  the  equator.  As 

exactly  in  the  same  time  that  the  true  to  the  reduction  to  the  equator,  it  may 

sun,  S,  describes  his  orbit ;  both  being  be  expressed  in  terms  of  this  kihd — 

suppoaed  to  start  together  from  the  nu  ^     ^  ^    ^     h  ^    a     a    ^      u.  ^  ^ 

Yemal  equinox,  and  to  return  to  it  again  <*n.«— .  to.  2  0  -tan.*  — .  stn.  4  (^ 

at  the  same  moment    This  sun,  S^,  is  ^^^^  q  j,  t^e  true  longitude  of  the 

not  to  be  confounded  with  the  other  ^^^^ 

fictions    sun,    S',    beforc-mentioned.        j^^  t^g  obliquity  of  the  ecliptic  is  a 

which  desonbes  the  ecliptic  with  uni-  ^^^^  hnporfirit  element  of  the  sokr 

form  velocity,  but  there  is  this  relation  ^^eory,  it  is  desffaWe  to  explain  how  it 

between  them,  that  the  nght  ascension  ^^  -j^  determined  with  the  requisite 

•      ridv  =  cdi 

.  *  .'-^  »  Telocity  of  the  earth  in  its  orbit  «    -^ 

t  If,  in  Piff.  51 ,  we  caU  qp  M  which  it  the  pro-  (1  -  n).  rin.  2  X 

jectlonof  Op  8  on  Uie  «l«*tor.  « j  and  PP  §  of  -  1  +  a  +  coe.  S  A  -  ».  cos.'J  X 

the  lonfltnde  X,  the  angle  S  Cy3  M  or  the  obliquity  1 1 

b«log  •».  we  have  the  equation  }  ^  iL_!L.,|n.  2X 

tan. «  =  cot.  •.  tan  X  i^-f» 

=  a.  Un.  X    calling  cot.  tf,n,  1  -n 

Un.  X  -  tan.  «  >+  TTT-  ^^*'  2  >• 

ton.  (X-»)=i-r-— — r- ^+» 

I  +  ton  X.  tan.  «  ^.  ,,„.  2  X 

(1  —  a) .  tan.  X 


1  +  a.  ton.t  X 

(1  -  a),  sin.  X.  COS.  X  puttinf  m  = 


cos.t  X  .f  H.  tin.  *  X 
but  by  fficooometry  we  hare  ths  foUowing  series : 


I  -f  m,  cot.  3  X 
\-n 

1  +  a 
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de^;ree  of  precision.    If  at  the  initant  the  place  of  the  iiiiiiiBer«olitiee,cp  that 

of  the  lolstice  the  sun  were  on  the  me-  of  the  vernal  cqamox,  op  8  the  ni*i 

ridian,  we  should  only  have  to  observe  longitude,   8   M   the   flitn'e    dedinip 

the  meridian  altitude  of  his  centre,  cor-  tion   when  near  the  tolstioe»  8  qp  M 

rect  it  for  refraction  and  parallax,  then  the   obliquity   of  the   eelipftie.     Call 

adding    or   subtracting    this  altitude  S  M»  a;    cy»  8,  a;    and   8  cp  lf» 

from  the  heijrht  of  the  equator  above  m.    Then  sin.  ABsin^^p  ein.  •:  and 

the  horizon,  (that  is,  the  complement  of  each    separate  olMwrvatian  jg^**   ^ 

the  latitude  of  the  place,)  according  as  an  equalKm  of  this  fbriiu    We  efaall 

we  are  observing  the  summer  or  winter  show  that  from  each  of  theie  cqoationi 

solstice,  we  should  have  half  the  obli*  the  value  of  the  declination  at  Die  aol* 

quitjT  in  question.    If  we  observe  both  stice  may  be  found.    We  shall  thne  nC 

solstices,  we  have  only  to  subtract  the  several  values  of  this  dcdination»  the 

meridian  altitude  at  the  winter  solstice  mean  of  all  of  which  will  be  neeemi^f 

from  that  at  the  summer,  to  get  imme-  verv  exact 

diately  the  obliquity.    As,  however,  it       Let     A    be   an   observed  de(£ne> 

will  very  rarely  happen  that  the  sun  is  tion  which  we  wish  to  lednoe  to  the 

on  the  meridian  of  the  observer  at  the  solstice:  that  is,  from  which  we  wish  to 

instant  of  the  solstice,  we  must  have  re-  conclude  the  declination  at  the  instittt 

course  to  other  methods.  of  the  solstice.    Let )  be  the  differenea 

Measure  the  meridian  altitude  of  the  between  them :  then  the  dei£iiatioQ  et 

sun  daily  for  several  davs  before  and,  the  instant  of  the  rolstioe,  or 

after  the  solstice ;  as  the  latitude  of  the  «»  s=  a  +  ^ 

place  of  observation  is  supposed  known  •      —  )  b  a 

each  of  these  observations  will  give  us  *Ki,f«m  a  ~  «n  *    ««  «. 

4U    J    1*    A*        «xi.  L  A\.  t.  oui  Sin.  A  =  sm»  a  •  auia  * 

the  dechnation  of  the  sun  at  the  moment  •     •     /       %%        •     a      - 

of  observation :  the  problem  is  to  con-  ••  ""-.^r  ""  '^  "  S^  ^ ;  ™"  • 

dude  from  all  these  declinaUons,  the  ?'  "^mg^  =  90^  --  a 

declination  at  the  instant  of  the  sol-  sm.  (.r  -  J)  =  cos.  x.  em.  • 

stice.  where,  as  we  are  now  near  the  aoMiee« 

Referring  to  the  right-angled  sphe-  x  must  be  a  small  arct.    Devd[o[nng 

rical  trian^e  qp  S  M,  Fig.  51 ;  let  s  be  this  equation 

cos.  %  —  cot.  IV.  sin.  %  =  cos.  x  =  1  —  2.  sin.*  i  x 

cot.  »t  sin.  J  =  2  sin.« 2  sin.*'— —- 

2  '2 

■    .%  sin.  J  =  2  tan,  »  .  sin. «  J  x  —  2  tan.  m .  sin.*  -;—     . ....  .(a) 

Now,  as  near  the  solstice  %  is  very  indeed,    and    we   are    only  trying  to 

small,  the  last  term  of  this  equation  may  |^t  it  with  the  greatest  accuracy:  at) 


be  neglected,  and  itself  is  a  very  small  quantity^  no 

sin.  1=2.  tan. « .  sin. « i  x.  s»ble  error  can  arise  from  a  small  un- 

T^  .  X       ^t   .  XI  •     -1       A'      1  certamty  m  the  value  of  «.    However, 

It  IS  true  that  this  value  of  )  involves  ^l^^  yj^Je  of  sin.  I  is  only  approzhnate: 

•.,  which  is  the  very  quantity  we  are  trv-  ^^  ^e  more  exact,  we  must  substitute  it 

ing  to  find;  but  it  is  to  be  remarked,  f„  ^jn,  j  j^  the  last  term  of  equation 

that   »  IS   always    known  very  nearly  r^\ .  ^j.  fajy^g 

sin.  13  =  4  sin.  I  =  tan.  *» .  sin. '  ^  x 
we  get 

m'  I 

X  -  a  =  m.  kin  2X .sin.  4  X  + — ».•  .  tin.  G  X    

2  3 


_    ^  1  -  C08.  f       ,       •  •» 

But  m  = =  Un.*—: — 

1  +  COS. »»  2 

4,                    tan*  .  --- 
.-.X  -  «^  tan.«-y  »»n-2>. •  tin.  4  X 


or  expressing  the  reduction  In  aeconds 


tan.*  -—  tan.*  .-— 

X  -  a  ^ — ; — T^  »in.  2  X  -    —-- jr-^ — .  gin.  4  X 

sin.  1"  2»in.  1" 


*  At  the  irinter  solstice  we  must  Uke  X  =  27<.-^ -  A.  t  X  shouM  nerer  be  srealer  tLui  II". 


X.  5 1.]                                    ASTRONOMY.  19Z 

sin.  )  s  2  .  tan.  m  •  snu'  ^  x  —  2 .  tan.'  m .  sin.*  \  a» 
To  simplify  this  expression,  we  may  put  )  instead  of  sin.  \  and  instead  of  sin*. 
i  A,  we  may  put  i  >.  —  j*!  .  >• " 

.-.3  =  4  tan.  •».  X «  -  ^  ,  tan.  •»  (1  +  3 .  tan.*  •»)  x« 

+  &c 

To  express  the  arcs  3  and  \  in  se-  place  of  the  equinox  with  great  exact- 

eonds,  we  must  multiply  the  terms  of  ness,  as  referred  to  the  fixed  start: 

the  series  respectively  by  sin.  l'^    Since  when  they  are  repeated  after  an  interval 

m  varies  very  slowly,  we  may  consider  of  a  few  years,  it  will  be  seen  how  much 

the  coefficients  of  x',  x^,  and  so  on,  as  the  equinox  has  changed  its  place  in 

constant :  and  calling  them  A,  B  .    .  •  consequence  of    precession.     Since  a 

we  have  3  =  Ax  +  Bx>-f' knowledge  of  the  latitude  of  the  place  it 

This  is  the  expression  for  the  reduction  involved  in  the  determination  of  \  it 

to  the  solstice  ;*  m  thus  determined  is  only  is  necessary  to  observe  both  equinoxes, 

the  apparent  obliquity :  to  get  the  mean  that  errors  arising  from  this  and  otiier 

obliquity  n  we  must  apply  the  correc-  sources  may  compensate  each  other}, 

tion  for  nutation,  as  has  been  already  The. next  element  to  be  found  is  the 

explained  when  treating  of  that  inequa-  position  of  the  major  axis  of  the  solar 

lity.  ellipse,  or  of  the  perigee  and  apogee  of 

The  next  element  of  importance  to  be  the  orbit.  These  may  be  found  roughly* 
ascertained  is  the  position  of  the  equi-  by  observing  the  diurnal  motion,  as  at 
nox,  and  the  quantity  of  its  annual  the  perigee  the  sun*s  velocity  is  greatest, 
motion  on  the  ecliptic.  This  is  easily  and  least  at  the  apogee.  But  to  find 
done  when  the  obliquity  of  the  ecliptic  these  points  more  exactly,  we  must  re- 
is  known.  For  some  days  before  and  mark,  that  they  are  exactly  180^  from 
after  the  equinox,  his  meridian  zenith  each  other,  and  that  the  sun  takes 
distance  must  be  observed,  and  hence  exactlv  half  a  year  to  pass  from  one  to 
the  declination  found  daily,  just  as  in  the  otner.  The  union  of  these  two  pro- 
the  observations  for  the  solstice.  Now  perties  characterises  exclusively  the  pe- 
each  observation  gives  us  an  equation  rigee  and  apogee  of  the  orbit :  the  two 
of  the  form  points  in  the  sun's  orbit  which  satisfy 

_  tan.  3          \  this  condition  are  the  points  required. 

**"'  *  "  tan.«*  ^^^  *^  "^^  ^^^^  through  the  centre  of  the 

earth  any  straight  line  which  is  not  the 

m  .being ;  the    right   ascension    of   the  axis  major  of  the  orbit,  this  line  will 

sun.    it  is  to  be  observed,  that  the  de-  intersect  the  sphere  of  the  heavens  in 

clination  3  must   be   necessarily  very  two  points  180^  from  each  other;  but 

small,  and  a  will  be  determined  with  the  time  taken  by  the  sun  to  pass  from 

exactness,  even  if  »»  be  not  quite  pre-  one  to  the  other,  will  never  Be  exactly 

cisely  known.    Knowing  «,  or  the  right  half  a  tropical  year, 

ascension  of  the  sun  at  mid-day,  add  to  We  must  now  determine  the  excen- 

it  the  time  of  culmination  of  some  given  tricity  of  the  orbit.*^  This  may  be  done 

star,  then  the  right  ascension  of  the  star  roughly  by  observing  the  greatest  and 

fixes  the  place  of  the  equinox.    Several  least  apparent  diameters  of  the  sun  : 

observations  of  this  kind  will  give  the  since,  the  apparent  diameter  varying  in* 


«  Differrntiatlog  the  equation  aio.  A  =  •in.  •»  .  sin.  A,  with  rraard  to  *>  and  At  we  liaTe  d  A  • 
COS.  A  =  <<  '^  •  cus*  ^ '  ■^"-  ^  •  diviclins  the  second  equation  Ixy  the  first 

d  A  .  cot.  A  =  rf*  •  cot.  • 
Ifrf«  =  -  1" 

then  .  d  A  =  -  1"  •  cot.  •» .  tan.  A- 

We  thus  get  the  variation  produced  in  the  declination  by  a  diminution  1''  in  the  obliquity. 

\  In  the  course  of  a  few  days  the  change  of  apparent  place  of  the  star  from  aberration,  ^c, 
would  be  quite  insensible ;   yet.  if  necessary,  U  might  be  allonrcd  for. 

X  To  estimate  the  cflTect  produced  on  the  equinox  by  a  small  error  on  the  dedinatiuo,  we  must 
diiferenttate  with  regard  to  »  and  )  the  expression 

tan.  3 

sin.  «  =  •  »"**  ^^  «•* 

tan.a» 

—  =  tan.  •» .  cos. « .  COS.*  «• 
d  « 

At  one  cqulaoz  •  Tcry  nearly  =  0,  at  th«  other  it  a«vly  s  1S0°  \  conaequently  in  these  two  cases 

cos.  «  iriU  bare  different  signs,  while  tan.  «»  and  cos. )  wlU  retain  the  same  alf  n. 
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versely  as  the  distance,  theie  obserra- 
tions  will  give  us  the  ratio  of  the  greatest 
and  least  distances  from  the  earth,  and 
hence  we  have  the  excentricity  pf  the 
orbit.  But  the  nature  of  such  observa- 
tions, and  the  smallness  of  the  varia- 
tions in  the  semi-diameter,  prevent  this 


meithod  from  htviof  any  accuracy.  The 
way  in  which  wa  must  prooMd  la  tiw. 
The  theory  of  fUiptio  motipn  ghraa  tlw 
eccentricity  in  terns  of  the  greatest 
equation  of  the  centre,  that  is  of  tbe 
greatest  value  which  the  equfitioiii  off  the 
centre  attains*.    The  problem  is  then 


•  Call  tl^egreatMtequaUon  of  the  centre  Ef  and  pal -^  =  i,  wbtre  H  U  tlw  ndivs 

■econiU )  and  let  the  esceDtricItf  be  e,  thea 

«  11     .a 

9  76« 

e  being  espreeeed  In  seconds. 

To  demopstrste  this  series,  we  most  set  out  from  the  principle,  that  at  the  aonuinft  of  the  i 

tion  of  the  centre  the  true  angular  motion  of  the  sun  is  eqiul  to  his  mean  angular  moubn. 

Ntter  is  proportional  to  the  time  described ;  call  It  9,  and  the  time,  from  the  origin  (,  lat  T  be  Ifee  tliif 

of  s  whole  reToluUon,  then  cTideotly 

-  -    =     -7^    or  »  =  2«-  —  . 
2r  T  T 

With  regard  to  the  tnie  motion,  we  know  that  the  arcs  despribed  are  proportional  lo  tho  fiavan  of  de- 
scribing them<    Now  if  the  time  be  very  small,  the  area  traced  out  by  the  radius  vector  lavaiy  pcariy 

-—-  {  r  belog  tbe  radius  Tector,  and  $  iu  angular  motion  In  the  short  time  I.    The  iaiaUir  #  i%  |ht 

more  exact  does  this  ezpre»slon  become,  so  that  by  dimlnisblnv  It  more  and  more,  the  error  Bright  be 
rendered  less  than  any  given  quantity*  Call  S  the  whole  surface  of  the  ellipse,  T  the  Umo  etaplayed  It 
describe  it  I  then  

^     _    JL  or  «  =   ?[li   =   *^«"    Vl-« 
8  8 


s  —  or  f'  =  


r«T 


.e 


•  being  the  seml*axls  major,  e  the  ezcentrielty  of  the  ellipse. 
L.  Vow  #  la  equal  to  «  at  tht  moment  of  the  greatest  equation  of  th«  ctntre,  or 

8«r*   ^  8w«iVT^     . 
T  ,*T 

r   =  o  (I  -  ««)*  . 

This  equation  not  Involving  /.  will  be  equally  true,  whatever  value  we  attribute  to  that  qoantity }  lad 
this  expression,  wliich  we  have  deduced  from  a  certain  supposition  with  regard  to  t,  will  not  bo  Mtnlg 
approximate,  but  rigorously  exact. 
Now  the  polar  equation  to  the  ellipse  Is 

1  H-  e  .  cos,  t 
Substituting  for  r  the  value  we  have  Just  found,  we  get 

1  -f  e  .  COS.  *  =  (1  -  •«)* .  I  .  t  .  (a) 

The  equaUon  Cc)  in  the  note  to  page  I'Ji,  gives  us. 


3        ^    1  -e  8 


This  equation  may  easily  be  transformed  into  tbe  following, 

1  -  c3 

1  -  <»  .  cos.  tt  ^  •; . 

1  -f-  c  .  cor.  4 
In  the  particular  cose  we  are  now  treating 

1  -  e .  cos.  a  =  (I  -  e^k 


COS. 


Put  a'  =  90°  -  u 


sin.  a'  = 


_   1  -  (I  -  e«^* 


Becurrlng  to  eqcatlon  («)  ^e  get  from  it. 


COS.  ^ 


and  putting  ^'  =  ^  -  90' 


sin.  fi' 


1  -  (I  -  e«)* 


Since  e  is  very  ^mali,  f  and  u'  arc  small  quantities  of  the  same  order,  we  may  then,  ooi  foiog  bcyoad 
terms  involving  c**,  get 
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reduced  toftndiiijir  Ihit  i^reateet'eqiuUien  diffinvnoe  of  the  frut  longitude  ETQ^ 
of  the  eentre.  New  if  we  refer  to  Jig.  B  T  Q  obtenred  at  the  moments  of  the 
59,  when  the  true  tun  8  leevei  its  pe-  greatest  equation  of  the  centre,  whieh 
ngte  P,  (simultaneously  with  the  ficti-  moments  are  known  by  the  velocity  of 
tkniB  son  8',  moving  uniformly  in  the  the  true  sun  bein?  then  equal  to  the 
ediptic)  it  has  at  that  time  its  greatest  uniform  velodty.  Similarly  ^T  9'  is  the 
▼eloeity,  in  consequence  of  which  it  diflbrence  of  the  mean  longitudes.  By 
toon  gets  before  S ,  and  continues  to  subtracting  then  the  two  true  longitudes 
gain  on  it,  till  its  velocity,  having  reached  from  the  two  mean  longitudes  corre- 
a  maximum,  begins  again  to  decrease,  spending  to  the  instants  before  men- 
It  is  easy,  however,  to  see,  that  it  will  tioned,  we  get  twice  the  greatest  equa« 
continue  to  gttin  on  8',  until  its  velocity  tion  of  the  centre. 
has  decreased  so  as  to  be  equal  to  the 
velocity  of  S',  after  which  S'  will  begin 

in  its  turn  to  gain  on  8.    It  is  then  at  SacriON  U.^Tables  of  the  Moon. 
the  moment  that  the  velocity  of  8  equals 

that  of  8',  that  the  anguUr  distance  be-  The  motions  of  the  moon  are  altoge- 

tween  them  will  be  the  greateiit.    This  ther  much  more  complicated  than  the 

angular  distance  is  the  angle  Q  T  f ,  or  apparent  motions  of  the  sun.    The  moon 

the  ec^uation  of  the  centre.    The  greatest  revolves  in  an  ellipse,  of  which  the 

equation  of  the  centre  corresponds  then  earth  occupies   the  focus ;    while  the 

to  the  moment  when  the  velocities  of  8  latter  body  revdves  round  the  sun,  it 

and  8'  are  equal :  and  evidently  there  carries  along  with  it  the  moon,  whose 

will  be  two  luch    ^atest  equations,  dliptic  motion  round  the  earth,  remains 

Q  T  9,  and  Q'  Tq',  in  every  revolution  unaltered  by  this  circumstance:  but  tl^ 

^  the  sun,  one  on  each  side  of  and  sym-  attraction  of  the  mass  of  the  sun  pro- 

metrically  situated  with  regard  to  the  duces  great  disturbance  in  the  lunar 

major  axis ;  and  a  little  consideration  motions.    Thus  the  plane  of  the  orbit 

will  show,  that  in  both  cases  the  true  oscillates  about  its  mean  inclination  to 

sun  is  farther  from  the  perig^  than  the  the  ecliptic,  which  is  about  5^ :  at  the 

fictitious  sun.    If  we  knew  the  angles  same  time  the  axis  major  of  the  ellipse 

Q  TQ',  qTq',  their  difference  would  turns  in  its  own  plane,  at  the  rate  of 

give  us  Q  T 9  +  Q' T9  s  2  Q Tf,  since  about  40^  annually,  .while  the  line  of 

the  orbit  is  {)erfectly  symmetrical  on  the  nodes  travels  completely  round  the 

each  side  of  its  axis.    But  Q  T  Q'  is  ecliptic  in  eighteen  years  and  a  half, 

easily  known,  for  supposing  qp  T  ^  to  The  place  of  the  moon  is  found  from 

be  the  line  of  the  equinoxes,  it  is  the  the  tables  in  much  the  same  way  as  that 


•In.  /  a  —  ,  •  +  —  ^,  dn.  n'.a  —  •  +  —  A 
bnt  nt  9  n  ^  e ,  cos. u  s  90^  -«'-•,  coi. «' 

#-  His  /  +  «'4-«CM.«' 

4  ^  ut.lo  ihe  CMC  which  «rt  haro  b«to  eonilderiag,  !•  tht  grtatMt'cqnaUoo  of  Ibt  centrt ;  caU  it  K. 
liMa 

E3/  +  «'  +  e-Se.  siQ.*  -i  « (h) 

The  term  tin.*  -^  « Is  a  rery  smiU  qutaUty  of  tbf  order  •>,  and  It  la  naltipUed  by  « t  wt  may  thto 

pnC  for  It  —   Bin  «  a'  a  —  ^. 
4  16 

SntMtituting,  then,  In  eqnation  (6)  ihl|  value,  and  tboae  of  /  and  •'  found  juat  abore,  wt  gat 

SB 
S  =i2e+  «» 

sad  beset  e  =  —  E  -  —  ••, 

9  384 

Is  the  aeeond  tern,  put  for  e,  -~  ,  then 

•  »    —  E — -  E». 
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of  the  sun.  We  begin  by  supposing  the  secular  dinodnution  of  the  exoentrieUjr  of 
satellite  to  have  an  uniform  and  circular  the  earth*s  orbit ;  as  that  diminution 
motion ;  that  is,  we  take  from  the  tables  will,  in  the  course  of  many  ages,  attain 
the  mean  longitude  for  the  epoch,  and  a  limit,  after  which  it  will  bq^n  agun 
the  mean  motion  for  the  number  of  to  increase,  consequently  the  aeoelm- 
days,  hours,  minutes,  and  seconds  re-  tion  of  the  moon*s  motion  will  find  its 
quired.  The  mean  place  now  ascer-  limit  at  the  same  time,  and  be  changed 
tained,  we  must  proceed  to  correct  it  into  a  retardation.  But  an  imnwnic 
first  for  the  excentricity,  and  then  for  period  of  time,  probably  millions  of 
various  inequalities,  of  the  most  re-  years,  will  elapse  ere  this  takes  place. 
markable  of  which  we  shall  proceed  to  The  motion  of  the  lunar  perigee  is 
give  some  account.  subject  to  a  secular  retardation^  depend- 
We  sliall  begin  by  considering  those  ing  on  the  same  cause  as  that  which 
which  are  called  the  secular  inequalities,  produces  the  acceleration  of  the  mean 
to  distinguish  them  from  those  called  pe-  motion.  Consequently  the  mean  ano- 
riodic,  because  they  have  a  period  suffi-  maiy,  which  is  equal  to  the  mean  kmp- 
ciently  short,  to  have  been  described  a  tude  of  the  moon,  minus  the  mean  Ion- 
great  many  times  since  astronomical  gitude  of  the  perisiee,  is  aubject  to  a 
observations  were  first  made.  We  secular  equation,  which  is  equal  to  the 
have  seen  the  existence  of  such  secu-  difference  between  the  two  former, 
lar  variations  in  the  position  of  thepe-  The  motion  of  the  nodes  issuljeet, 
rigee  and  the  excentricity  of  the  earth's  like  that  of  the  perigee,  to  a  secular 
orbit.  But  the  mean  motion  of  the  retardation.  Grenerally,  if  we  call  the 
earth  is  subject  to  no  such  acceleration :  acceleration  of  the  mean  motion  I,  that 
it  is  a  result  of  the  laws  of  gravitation,  of  the  perigee  will  be  repreaenied  by 
that  the  major  axes,  and  consequently  -  3*00052,  and  that  of  the  node  by 
the  periodic  times  of  all  the  primary  —  0*73452. 

planets,  are  invariable.    But  this  is  not  Of  the  periodic  inequalities  the  most 

the  case  with  regard  to  the  moon.    It  remarkable  is  the  evection.     Its  efleet 

is  found  that,  when  we  compare  ancient  is  to  diminish  the  equation  of  the  centre 

eclipses  of  the  moon,  observed  upwards  in  the  syzigies,  that  is  when  the  moon  is 

of  seven  hundred  years  before  Christ  by  in  conjunction  or  opposition  with  the 

the  Chaldeans,  with  recent  observations,  sun ;  and  to  increase  it  in  quadratures, 

that  they  give  the  moon's  mean  motion  that  is,  when  tliere  are  90^  of  angular 

much  less  than  that  which  results  merely  distance  between  these  bodies.    But  the 

from  the  comparison  of  modern  obser-  evection  does  not  depend  solely  upon 

vations  with  each  other*.    The  same  this  angular  distance;  it  also  depends 

fact  results  from  the  comparison  of  the  upon  the  distance  of  the  moon  from  the 

Arabian  observations  with  those  of  mo-  perigee  of  her  orbit.    This  equation  may 

dern  astronomers.    La  Place  has  shown  be  represented  generally  by  the  following 

that  this  acceleration  is  caused  by  the  expression: — 

l«>16'29"-6  .sin.  {2((r  -  0)  -  A}  +  31"*2sin.2  {2(C  -  ©)  —  A}t 

where  (  is  the  mean  longitude  of  the  case  the  evection  will  be  nothing,    it 

moon,  0  that  of  the  sun,  A  the  mean  will  attain  its  cjeatest  value  when  2 

anomaly  of  the  moon.    In  the  syzigies.  ( ^  —  0)  =  90®  or  270*^ ;  that  is,  when 

when  the  moon  at  the  same  time  is  in  the  moon  is  in  quadratures,  and  when 

its  perigee  or  apogee,  2  ((  —  0)  will  atthe8ametimeA,orthe  mean  anomaly, 

be  =  0  or  180°.  as  also  will  A;  in  this  =  90®.    In  this  case,  it  =  1®  16'  29"*6. 


*  As  Ptolemy,  who  records  these  eclipses,  ffires 
the  day  and  hour  at  which  the  principal  phanet 
(the  beginning  and  end)  were  observed,  we  may  de- 
termine the  instant  when  the  moon  wav  exactly 
IHO'^  in  longitude  from  the  sun.  Now  we  can 
easily  find  the  sun*s  longitude  at  that  time,  and 
hence  we  can  get  that  of  the  moon.  This  is  the 
true  longitude ;  if  we  correct  lier  place  for  the 
periodic  inequalities,  wc  get  her  mean  longitude. 
Take  now  the  mean  longitude  for  xomc  given  mo- 
ment in  the  moiiern  tabU'S  ;  the  difference  between 
theite  mean  longitudes  gives  us  the  moon's  mean 
motion  on  the  ecliptic  in  the  interval  between 
them,  adding  to  it  the  proper  number  of  whole  cir- 
cumferencex.  The  mean  motion  may  also  be  found 
by  comparing  two  mean  longitudes  of  modern 
times,  and  in  this  case  the  mean  motion  will  be 
found  to  be  luucb  more  rapid. 


t  It  may  be  seen  from  this  formula,  that  gene- 
rally in  the  conjunctions  the  evection  wiU  luTea 
contrary  sign  to  the  equation  of  th«>  centre ;  fer 
then  ^  ( (C  -  0}  being  equal  to  uotbing,  the  afge- 
ment  is  reduced  to  -  A,  which  gWe*  a  negative 
sign  if  the  anomaly  is  less  Uian  1^^',  and  apOTitire 
sign  if  it  is  greater ;  but  in  the  first  caae,  the  cqua* 
tion  of  the  centre  is  to  be  added  to  the  mean  long!- 
tude,  in  the  second  to  be  subtracted.  It  U  always 
then  of  a  contrary  Kign  to  the  evection.  In  the  op- 
poHitions.  Hince  i^  (  ^  -  0)  =  3(»*^,  the  argumcat 
is  reduced  os  before  to  —  A.  and  the  aame  coosf- 
quencc  follows.  But  in  the  firvt  nnadrature,  for 
example.  ([  -  0  =  UO^.  3  ( d  -  ©)  =  IbO*'.  aad 
the  argument  becomes  sin.  (liJO*^— A)=^DJi;  aad 
so  oo  for  the  other  quadratures. 
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The  next  great  periodie  inequality  it       Resuming  then  what  has  been  laid, 

the  variation,  which  disappears  in  syzi-  we  find  that  the  moon*8  tme  longitude 

gies  and  quadratures,  'and  attains  its  =  mean  longitude  +  equation   of  the 

greatest  value  when  the  moon  is  in  centre  +  evection  +  variation  +  annual 

octants*  that  is  at  45^,  135^,  225^,  or  equation  +  equation  of  long  period  + 

3 1 5^  of  angular  distance  from  the  sun.  perturbations  +  nutation. 
This  inequality  depends  then  on  this        The  moon*s  latitude  is  found  much  in 

angular  distance ;  and  its  period  has  the  same  way  as  her  longitude.    We 

been  discovered  to  be  half  a  synod ical  begin  by  supposing  the  inclination  of  the 

revolution.    It  may  be  represented  ge-  orbit  to  the  ecliptic  invariable.    In  this 

ncr^Uy  by  the  formula  case,  calling  the  difference  between  the 

+  39'  30"  sin.  2  ( C  -  0)  If^®  ^^J'^*!"?^  ""/ 1^*!^""?"*"  S^ll^^'^lf?' 

-^       .     ,  ,.,    ,  .  her  node  >^,  the  latitude  ^  and  the  obli- 

There  is  also  an  mequality  known  by  quity  ^^  then 

the  name  of  the  annual  equation,  which  '    fan  j  ~  fon       «««    i 

«      *    ..        .  J       ,       *      1-  *•  itLu*  9  =  lan. « I  sm.  >^ 

has  for  its  T)enod  a  solar  anomalistic  year.  .  ,; 

It  is  of  exactly  the  same  form  with  the  o'*  «"<»  *  »"^  ' ""«  ^e""/  ^maU- 
equation  of  the  centre  of  the  sun,  but  it  ^  =  <  sin.  '^ 

has  an  opposite  sign.    Its  analytical  ex-  =  5^  8'  59'^*  8  sin.  ^. 

pression  is  11'  13" '7  sine  of  the  mean  jhis  is  the  first  term  of  the  expression 

anomaly  of  the  sun.   This  inequality  has  fo,  ,1,^  i^^jtude ;  we  must  add  to  it  the 

a  great  ana  ogy  with  the  secular  equa-  ^^^^^^  incqualiUes. 
tion,  since  it  is  produced  by  the  inequa-       Qne  of  tlie  most  remarkable  of  these 

hty  of  the  earth  s  orbit,  whUe  the  secu-  j,  ^  inequality  which  is  proportioned  to 

lar  equaUon  w  caused  by  the  secular  ^^e  sine  of  the  true  longitude.    This 

▼anation   m    that  excentncity.     -niis  equaUon  is  produced  by  the  attraction 

*^"*^^"iS^^*  ^  *"  'k,*^  suppressed  if  o?the  terrestrial  spheroid,  and  consists 

we  modified  m  a  suitable  way  the  equa-  i„  ^  nutation  of  the  lunar  orbit,  which 

iion  of  time,  by  making  the  necessary  corresponds  exactiy  to  the  nutation  of 

change  in  the   soar  equation  of  the  the  earth's  axis,  one  of  these  being  in 

4«ntre,  and  then  calculating  the  place  of  f^ct  the  reaction  of  the  other,  and  it  has 
the  moon  with  the  equation  of  time  thus      j^^^  maOiematicians  a  method  of  deter- 

modified*.    It  was  m  this  way  that  the  ^y^y^^  ^he  compression  of  the  earth's  el- 

Muation  was  first  presented  by  Tycho  ^i^^^  figure,  independent  of  all  local  irre- 

®J/^t!'!*.u"®''''**"^''\"j?^^'^.?u°^'^'  gularities.  This  inequality  diminishes  the 

able  that  the  apparent  effect  of  the  an-  fnclination  of  the  lunar  orbit  to  the 

nual  equation  in  eclipses  is  to  increase  ^Up^jg  ^^^^  Ihe  ascending  node  coin- 

the  solar  equation  of  the  centre  by  its  ^^^^^  ^^j,  ^^e  vernal  equinox ;  it  aug- 

own  value ;  and  that  the  Indians,  in  con-  „^„tg  jj  ^^en  this  node  coincides  wiUi 

sequence,  who  determined  the  inequa li-  ^^e  autumnal  equinox, 
ties  of  the  sun  and  moon  merely  with       j^e  greatest  inequality  in  latitude  is 

reference  to  eclipses,  made  the  solar  ^^^  ^^^y^  j,„  ^^  its  argument  twice 

equation  of  the  centre  too  large  by  the  t^g  distance  of  the  sun  from  the  node  of 

whole  value  of  the  annual  equation.  ^^^  y^^^  orbit,  and  is  proporUonal  to 

The  last  inequality  we  shall  nolice  is  ^^e  cosine  of  that  angle.   The  motion  of 

the  equaUon  of  long  period.    This  has  the  lunar  node  has  an  inequality  depend- 

Its  name  from  Its  penod  being  of  184  -  ^^^  ,ine  of  the  same  angle. 

years.    Its  analytical  expression  is  These  two  inequalities  together  may  be 

47''*51  sin.  {2  {^  +  ra  —  3^}  represented  by  supposing  the  true  pole 

where  R  is  the  longitude  of  the  moon's  ^^  ^he  lunar  orbit  to  oscillate  round  the 

node,  w  that  of  her  perigee,  f  that  of  the  mean  pole  in  a  small  ellipse,  which  it 

sun's  perisee.  «-    "»      ^  descnbes  m  half  a  revolution  of  the  sun 

^  ^    '  with  regard  to  the  lunar  node,  that  is  in 

178*-30996. 

•  The  exprcMion  for  the  •oior  eqnaUoo  to  die       The  attraction  of  the  sun  on  the  moon 

etatreit  I'^ss'ST-cin.  mean  •nomaiy  of  uie  being  different  at   different   distances 

•vat  the  exprcMlon  for  the  acr.oai  eqaation  It  ^^  ...  •      au     i  u-i.     « 

—  ir  iy-7iin.inemn  •nooieJy  cf  ihe  lun.  Com.  causcs  Variations  in  the  lunar  orbit  of 

biaiBK  these  two,  wf  hate  1°  44'  u"-6  sin.  mean  which  wc  have  already  sceu  an  instance 

anomalyof  the  »an  for  our  flcUtlaot  equation  of  •      ^u,      -nniml    MiiAfinn       In    fart    thA 

tao  centre,  wiu>  which  we  most  calculate  the  iicu.  "»  ^"®  annual  equaiion.     in  laci  mc 

tioiM  eqaauon  of  lime.  But  there  ia  no  practical  nearer  the  sun  IS  to  the  moou,  its  attrac- 

adrantage  In  i hit  Complicated  mode  of  proceeding.  ^^^^  q^  that  body  increasing  in  intensity 

The  aanaal  equation  it  now  tabulated  and  applied  .      •    .      i*     •    •  u  ai.         i-  #«u        ^lT 

in  the  aaiM  way  aa  aU  Ui«  other  corftcUont.  tends  to  dimuush  the  action  of  the  earthy 
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and  (o  dilate  as  it  were  the  orbit  of  the  ratio  of  ttie  am  for  that  of  their  mntt 
moon ;  and  again,  as  the  sun  recedes,  R        n  R' 

that  orbit  is  contracted.    It  is  in  this  _  -  .-    »^  nf  a»  n  .  — , 

way  that  the  cxcentricitjr  of  the  sun's  R       IT  R* 

orbit  produces  the  evection,  and  at  the  Now  it  may  be  shown,  snppotinf  tin 

same  time  it  must  produce  correspond-  earth  to  he  an  ellipsoid,  that 
injr  variations  in  the  radius  vector  of  the  R'  =  R  ll  —  o  sin  •  aI 

lunar  orbit.    We  mie^ht  take  a  mean  ^        ^'  ^r 

value  of  the  radius  vector,  and  determine  where  p  designates  what  is  called  the 

by  theory  the  perturbations  by  which  it  compression,  or  the  ratio  of  the  diflW- 

is  affected  ;  but  as  the  horizontal  paral-  ence  of  the  two  axes  to  the  axis  major. 

lax  is  the  immediate  result  of  observa-  Consequently 
tion,  and  the  radius  vector  may  always  n'  =  n,Xi— ngin  «#l 

be  deduced  from  it  l)y  a  simple  pro-  ^        "*       •  •  ^j 

portion,  it  is  found  more  convenient  to  ^f  "  will  be  observed,  is  alwm]fi  lest 

take  a  mean  value  of  the  parallax,  and  ^^lui  n ;  (hat  is,  the  equatorial  honsontfl 

to  calculate  the  variations  produced  in  it  pwallax  is  the  greatest    Knowing  this; 

by  the  change  of  distance.  which  we  have  before  stated  to  be  equal 

This  mean  value  of  the  parallax,  or  *9  57'  (^'9,  we  can,  by  the  formuln  Just 

constant  of  the  parallax,  may  be  deter-  pven,  find  the  horizontal  parallaz  in 

mined  (supposing  the  earth's  mean  radius  anyother  latitude, 
known)  by  a  knowledge  of  the  mean  mo-        The  apparent   semi-diameter  of  (be 

tion  of  the  moon,  and  of  the  intensity  of  "oo"  may  be  expressed  in  f erms  of  the 

gravity  at  the  earth's  surface,  which  is  horizontal  parallax.    For,  ia  the  int 

found  by  observations  of  the  pendulum,  place. 
Now  as  gravity  varies  inversely  as  the  .        K^ 

souare  of  the  distance  from  the  centre  •*"'  D 

centre,  to  have  such  a  mean  motion  in  ^  «, 
her  orbit  as  we  find  she  really  has.  This                         gin,  4  -  _ 
distance  gives  us   the  mean  parallax,  ^ 
which  is  thus  found  to  be  57'  o'''9.  We  where  R'  is  the  moon*8  radius,    ^enoe 
add  to  this  mean  parallax  the  perturba-                          sin.  a        H' 
tions,  in  drder  to  get  the  horizontal  pa-                         sSirn'  ~  "TT 
rallax  n  at  any  required  time ;  and  tnis                               ' 
being  known,  we  have  the  parallax  for  ^                        A  ^  R 
any  given  zenith  distance  ^  equal  to                             IP  "  R 
n  sin.  {.    It  has  already  been  observed                          ^   n/ 
(see  p.  60)  that  the  earth  not  being  ex-             ,\  4  =  -^- —  =  0'2725,  n' 
actly  spherical,  not  only  the  line  drawn                             '^ 
from   the   centre  of  the  earth  to  the  This,  it  will  be  recollected,  is  the  ex- 
observer  will  not  generally  pass  through  pression  for  the  horizontal  semi-diame- 
the  zenith,  but  the  horizontal  parallax  ter ;  for,  f^om  causes  which  have  been 
is  different  in  different  terrestrial  lati-  explained  in    pau:e  61,    the    apparent 
tudes.    It  is  only  in  the  case  of  the  moon,  semi-diameter  mcreases,  the  nearer  the 
which  is  so  near  us,  that  the  variation  body  approaches  to  the  zenith.     It  ap- 
in  the  horizontal  parallax  arising  from  pears   from  the  formidsB  there  given, 
this  cause  can  be  perceived  ;    in  the  that  calling  the  horizontal  semi*diame- 
case  of  that  body,  however,  it  is  abso-  ter  A,  that  at  zenith  distance  {,  a',  and 
lutely  necessary  to  take  it  into  account,  the  horizontal  parallax  n' ;  that 
Call  the  horizontal  parallax  at  the                                       ^ 

equator  11,  the  radius  of  the  earth   at  a'  = j • 

the  equator  K,  D  the  distance  of  the  „  1— n.cos,  f 

moon  from  the  centre  of  the  earth :  let  «*^"ce 

the  corresponding  quantities  at  the  lati-  *   -  a  / 1  j-  n  f  a*^.  »i  — »,x •      a  1 

tude  t.  be^n'.  R';  the  distance  D  wiU  ^  "  ■*  {'  +  "'«=»•  ?}  «PFroxim«ld,; 

evidently  be  the  same  for  both.    Now  a'  -  a  =  ^  il  -f-n'. cos  ^   -  11 

K  R'  R      sin.  n  „,         m 

D  =  -. =  -: /.  -rr,  = i  =  A  .  n'.  COS.  { 

sin.  n        sm.  n        Iv      sin.  W 

or,  as  n,  and  n' are  small,  putting  the  ^^^      "' 


0-2725 


X,  i  a.]  ASTRONOMY.  SM 

Aji.  CM.  C  that  plane,  the  fint  term  of  the  re4uQ- 

.%  a'  •-  A  *    Q.2725  *>®"»  ^«' •"- 

This,  then,  ii  the  expresiion  for  the  tan.»-i-«n-2(x— Ji) 
•Dgpieatation  of  the   apparent  aenii-  ^ 
diaineter  (M  the  mopn  risee  towar4«  the  will  alwayi  be  sufficient ;  in  which  ex- 
zenith,  pression,  i  is  the  inclination  of  the  orbit, 

o  TTT     ny  j;i-   ^r/iL-  ni^^^4^  ^  the  true  longitude  of  the  planet  mea- 

Sbctiow  lU.'-Tables  qfthe  Planets.  ^^^^^  j„  .^^  ^^^^^  ^  ^^^  longitude  of 

Wb  begin  in  the  planetary  tables  by  the  node  measured  in  the  same  plane, 

supposing  the  motion   of  the  planets  The  latitude  is  given  by  the  equation 
round  the  sun  to  be  circular  and  uni-  .     .  _  ,:„  ,    -:„  (x  ^  a\ 

form ;  and  thus  we  get,  as  in  the  case  of  _  ^  ""'  ^  "  "°-  \'  "'";  \^       y' 

the  sun  and  the  moon,  the  epochs,  and  We  have  now  the  true  heliocentric  Ion- 

the  mean   motions    for   days,    hours,  Ritude  and  latitude,  that  is,  the  longi- 

&e.    The  longitude,  too,  of  the  perihe-  tude  and   latitude    as  seen    from   the 

lion,  with  its  secular  variation,  being  centre  of  the  sun.     It  is  generally  ne- 

koown,  we  get  the  mean  anomaly,  by  cessary  to  find  the  geocentric  longitude 

■ubtracting  it  from  the  mean  longitude,  and  latitude ;  that  is,  the  longitude  and 

The  next  step  is  to  calculate  the  equa-  latitude  as  seen  from  the  centre  of  the 

tion  of  the  centre,  which  is  given  in  earth.    To  do  this,  we  must  know  the 

terms  of  the  mean  anomaly ;    and  its  radjus  vector  of  the  planet  correspond- 

leeular  variation.    We  have,  then,  the  ing  to  the  moment  for  which  we  have 

true  heliocentric  longitude  of  the  planet  calculated  x  and  0.    The  radius  vector 

measured  in  the  plane  of  its  own  orbit.  »  given  in  the  tables  in  terms  of  the 

To  get  the  longitude  on  the  ecliptic,  we  mean  anomaly  ♦,  with  its  perturbations 

must  add  the  reduction  to  the  ecliptic  and  secular  variation,  and  is  therefore 

(see  page  196);  and  as  the  planetary  known.     To  find  now  the  geocentric 

orbits  are  all  very  slightly  inclined  to  coordinates,  we  must  proceed  as  follows. 


I  •  ..       . 


Injfg.  53,  let  P  be  the  place  of  the  Vhe  distance  from  the  earth  to  the  sun 

planet,  S  that  of  the  sun.  E  that  of  the  vanishes  when  compared  with  the  dis- 

earth,  O  the  projection  of  the  place  of  tance  of  the  fixed  stars.    cy3  S  O  will  be 

the  planet  on  the  plane  of  the  ecliptic :  the  heliocentric  longitude  x ;  y^  £  O  the 

then  P  O  is  perpendicular  to  O  E  and  geocentric    longitude  x' ;    O  S  P  the 

O  S,  which  are  called  the  curtate  die-  heliocentric  latitude  i;  O  E  P  the  geo- 

iances  of  the  planet  from  the  earth  and  centric  latitude,  4',    The  angle  O  S  E 

sun  respectively.    Let  S  qp  be  the  line  is  technically  called  the  commutation ; 

of  the  equinoxes :  a  line  drawn  from  £  the  angle  8  O  E  the  annual  paraliax; 

to  the  pUee  of  the  equinox  in  the  celes-  O  £  8  the  elongation, 
tial  sphere  will  be  parallel  to  8  cya,  since 


•  Jij  tht  eqnaUoot  of  f llipUc  moUoD,  pag«  ISI, 
•  iMiaf  tht  cxotntrlc  antiDftlf. 


r      . 

--^s  1  -  «iCM.  « 
a 


Now  «  =  »  « -f  e  Bin.  »  e  +  -.  iIq,  9  •  <    •    .    •    f 

Hence  -j=  1 4.  -^  -  e.  eor.  •  <  -  -j*  «»••  9  n  I    •    . 
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Now  OSE^cpSE  —  qpSO=:  in  which'equation  Q  and  x  are  known, 

difference  of  the  longitudes  of  the  earth  and  hence  the  commutation  it  known, 
and  planet.    But  the  longitude  of  the        Now,  in  the  triangle  O  E  8,  we  know 

earth  =  180°  +  longitude  of  the  Bun  the   sides  8E==R,SO  =8P.cof. 

=  1 80°  4~  O  i  =  r  ,  COS.  i,  and  the  comprised  angk 

/.  commutation  =  180° -|~  0  --  ^  8,  or  the  commutation.    By  Niger's 

analogies, 

S  O  -t  S  E   :   S  O  -  S  E  ::  tan.  i  (E  +  O)  :    tan.  4  (E  -^  O) 


But  S  +  O  +  E  =  180° 

.'.  tan.  i  (E  —  O)        r.  cos.  ^-  R 


/.  4  (O  +  E)  =  90°  -  — 


Assume 
then 


cot.  S 
2 

tan.  X  = 


r.  COS.  ^+R 


r  cos.# 
R~" 


tan.  4  (E  +  O)       tan.  ^  -  1 


cot._S 
2 


tan.  x-^l 
=  tan.  Oe  -  45°) 


Assume 5  =  i  (E  -  O) .  whenceE  =  90°  +  J  -  — 

,'.  tan.  I  =  tan.  (%  -  45°).  cot.  —  . 

but  S  and  x  being  known  by  what  precedes,  we  thus  find  tan.  |,  and  knowing  I 
we  have  E  ;  for  since  4  (E  —  0)  and  i  (E  +  O)  are  now  known,  E  and  O  are 
easily  found. 

But  X'  =  cys'E  O  =  S  E  O  -  S  E  CY3'  =  E  -  S  E  cp' 

=  E  -  180°  +  longitude  of  the  earth 
=  E—  180° +  0 
=  E  -  360°  +  0 
/.  x'  =  E  +  0 


Now 


PC  =  E  O.tan./  =  S  O.  tan.  ^ 
tan.  •        SO 


tan. 

s 

EO 

sin. 

E 

sin. 

S 

.'.  tan. 

,/ 

-- 

tan. 

^. 

We  shall  now  proceed  to  say  some- 
thing on  the  methods  by  which  the  ele- 
ments of  the  orbit  of  a  planet  arc  deter- 
mined. These  elements  are  live  in 
number.  1.  The  inclination  of  the 
plane  of  the  orbit  to  the  ecliptic.  2.  The 
longitude  of  the  node  of  the  orbit.  3. 
The  longitude  of  the  perihelion.  4.  The 
excentricity  of  the  orbit.  5.  The  axis 
major. 


sin.  E 
sin.  S 

To  determine  the  longitude  of  the 
node,  it  is  necessary  to  proceed  as  fol* 
lows.  The  right  ascension  and  declioa* 
tion  of  the  planet  being  known»  we 
deduce  from  them  its  (geocentric)  km- 
gitude  and  latitude.  From  such  obeer* 
vations  we  determine  the  instant  when 
the  latitude  is  ecjual  to  nothing,  and  the 
geocentric  longitude  corresponding,  to 
that  moment 
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At  the  moment  that  the  planet  is  in  the  Let  us  wait  now  till,  after  one  revolu- 

plane  of  the  ecliptic,  that  is,  in  its  node,  tion,  the  planet  passes  again  through  the 

Jet  its  place  be  P,  that  of  the  sun  S,  of  same  node :  now  the  motion  of  the  pe- 

the  earth  £ ;  then  P  S  N  will  be  the  rihelion  being  very  slow,  may  be  neg- 

line  of  the    nodes.      Calling   cp    the  lected  in  the  time  of  one  revolution  (at 

equinoctial  point  from  which  the  longi-  least  in  a  first  approximation) ;  r  then, 

ludes  are  counted,  Qp  £  S  will  be  tne  corresponding  to  the  same  node,  maybe 

geocentric  lon^ntude  of  the  sun,  which  supposed  to  correspond  with  the  same 

we  shall  call  0 ;  qp  T  P  the  geocentric  point  of  the  orbit  and  to  be  constant 

longitude  of  the  planet,  which  we  shall  The  distance,  however,  from  the  sun  to 

call  X ;  cy^  N  S  the  heliocentric  Ipngi-  the    earth  will    be  different ;    this  is 

tude  of  the  node,  which  we  shall  call  u  known  by  the  tables ;  call  it  R' :  we 

Call  also  8  P,  r ;  S  £,  R ;  then  have  then 

R.  sin.  (X  -^O)  =  r.  sin.  (r  -  x)  R'.  sin.  (x'  -  00  =  r.  sin.  0  -  x') 

Hence 

R'.  sin.  (x'  -  ©O  sin.  (.  -  x') 


,'.  tan. » = 


R.  sin.  (X  —  0)  sin.  (»  -  x) 

R'.  sin.  X.  sin,  (x'  —  0')  —  R.  sin.  x'.  sin.  (x  -  ©) 


RC  cos.  X.  sin.  (x'  —  0')  -  R.  cos.  x'.  sin.  (x  —  0) 

To  determine  »  or  the  longitude  of  the  node,  we  have  made  use  of  two  pas- 
sAfz:es  through  the  same  node ;  but  if  the  orbit  be  supposed  circular,  which  in  a 
first  approximation  is  allowable,  we  might  employ  two  passages  through  the  two 
opposite  nodes :  in  this  case  as  before  r  may  be  supposed  constant.  We  have 
then 

R.  sin.  (X  —  0)  =  r.  sin.  (»  -  x) 

by  the  first  observation.    At  the  second  observation 

R'.  sin.  (X'  -  0)  =  r.  sin.  (t'  -  x') 

But  since  the  nodes  are  opposed  to  each  other  v'  =  v  +  180° 

/.  R'.  sin.  (x'  -  0)  =  r.  sin.  (»  -  x') 

©) 
0> 


/.  R'.  sin.  (x'  -  0)  =  r.  sin.  (»  -  x') 

R^  sin.  X .  sin,  (x^  —  00  -h  R.  sin,  x^ .  sin,  (x  —  © 
•'•  **"• "  "^  R'.  COS.  X .  sin.  (x'  -  0' )  +  R.  cos.  x' .  »in.  (x  -  0 


Either  this  equation,  or  the  former,  sirable  to  select  those  passages  which 
gives  us  a  value  of  y :  repeating  the  take  place,  when  at  the  same  time  the 
operation  several  times,  we  get  several  planet  is  in  inferior  conjunction.  At 
valnes  of  this  angle,  and  we  shall  find  these  times,  the  planet  is  seen  to  pass 
if,  in  fiict,  pretty  nearly  constant.  The  over  the  sun*s  disk,  and  it  is  easy  to  de- 
nodes  of  the  respective  planetary  orbits  termine  the  latitude  at  the  instant  of 
have  ver^  small  motions,  which  may,  in  conjunction ;  but  this  latitude  and  the 
determining  approximately  the  elliptic  inclination  of  the  orbit  being  known, 
elements,  be  altogether  overlooked.  the  solution  of  a  right-angled  spherical 

In  the  case  of  the  two  inferior  planets  triangle  will  give  us  the  difference  of 

Venus  and  Mercury,  which  from  the  longitude  between  the    node  and   the 

shortncas  of  their  revolutions  pass  fre-  sun's  centre :  and  hence  we  deduce  the 

quently  through  the'ur  nodes,  it  is  de-  longitude  of  the  node  itself. 
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To  recur  to  the  superior  planets:  it 
will  in  reality  hardly  ever  happen  that 
we  ol)serve  the  ])lanet  exactly  at  the 
moment  that  it  has  no  latitude;  but  in 
the  present  state  of  astronomy,  the  mo- 
tions of  the  planets  can  always  be  con- 
sidered (like  the  rest  of  their  elements) 
as  very  nearly  known;  our  object,  in 
fact,  is  to  determine  the  elements  with 
greater  exactness.  The  error  in  a  few 
days  certainly  cannot  be  sensible ;  with 
then  the  motion  as  approximately  known, 
we  reduce  to  the  ecliptic  the  observa- 
tions made  very  near  the  node,  each  of 
which  will  give  us  a  value  of  the  longi- 
tude of  the  node,  and  the  mean  of  all 
these  longitudes  will  give  pretty  exactly 
the  true  value. 

The  longitude  of  the  node  being  de- 
termined, the  next  thing  is  to  find  the 
inclination  of  the  orbit.  For  this  pur- 
pose it  is  necessary  to  wait  for  the  mo- 
ment that  the  sun  passes  through  the 
node  of  the  planetary  orbit.  Suppose 
at  this  moment  the  sun  to  be  at  S, 
which  is  on  the  line  £  N  passing 
through  the  node :  let  P  be  the  place  of 
the  planet,  M  its  projection  on    the 

Fig.  55. 


plane  of  the  ecliptic:  draw  MA  per- 
pendicular to  E  N,  and  join  E  M,  E  P, 
A  P.  The  angle  P  A  M  will  represent 
the  inclination  of  the  orbit;  call  it  * : 
A  E  M  will  be  the  difference  of  lon- 
gitudes between  the  planet  and  the 
node,  which  difference  is  known ;  call 
it  ^ : , 

P  M  =  AM.  tan.  /  =  E  M.tan.  4 

4  being  the  angle  P  E  M,  or  the  geo- 
centric latitude  of  the  planet. 


.'.  tan.  i  = 


EM 
AM 


tan.  ^ 


But 


AM  =  EM.sin.^ 
tan.  6 


,\  tan.  i  = 


sin.  ^ 


It  is,  of  course,  impossible  to  seize 
exactly  the  instant  of  the  8un*s  passage 
through  the  node;  but  as  the  motion  of 
this  body  in  longitude  is  pretty  exactly 
known,  it  is  very  easy,  if  we  observe 
him  several  times  near  the  node,  to  find 
exactly  by  interpolation  the  instant  at 
which  he  must  have  been  in  that  point. 
The  planet  having  been  observed  in  the 
same  way,  we  determine  by  interpola- 
tion the  longitude  and  latitude  it  must 
have  had  at  the  same  instant  It  is 
desirable,  as  much  as  possible,  to  ob- 
serve the  planet  in  quadratures :  at  tint 
time  ^  it  nearly  90^  and  a  stnall  error 
on  its  value  will  very  little  affect  /• 

The  longitude  of  the  node,  and  the 
inclination  of  the  orbit,  determine  the 
position  of  the  plane  m  which  the  frianet 
moves :  we  have  now  to  determine  (he 
elements  of  the  ellipse,  Ijine  in  that 
plane,  which  it  describes.  Thia  dlipie 
will  be  determined  if  we  know  the  atif 
major,  (or,  what  is  the  same  tfain|;  the 
periodic  time  *,)  the  lortgitade  of  the 
perihelion  t,  and  the  excentridtjr.  Hie 
first  of  these,  the  periodie  time,  u  fomd 
by  observing  the  interval  of  time  thai 
elapses  between  two  consecutive  pas- 
sages of  the  planet  through  the  same 
node :  or  still  better,  by  taking  two  pas- 
sages through  the  same  node  at  very 
Considerable  intervals  of  time,  em- 
bracing several  complete  revolutions. 
Of  course,  in  this  case,  H  is  neeestary  to 
make  the  requisite  allowanees  for  the 
change  of  position  in  the  ediptie,  and 
also  for  the  small  seailar  rariaticm  m 
the  place  of  the  planet's  node.  The 
periodic  inequalities  having  compen- 
sated themself  es  mutually  several  tiaes 
within  this  interval,  what  remains  of 
them  becomes  insensible  when  spread 
over  so  large  an  interval.  This  method 
is  exactly  similar  to  that  by  which  the 
length  of  the  trO))ical  year  is  de- 
termined, from  the  passage  of  the  sun 
throusrh  the  equinoxes. 

We  have  now  to  find  the  longitude  of 
the  perihelion  and  the  excentricity  of 
the  ellipse.  The  method  most  fre- 
c[uently  pursued  is,  to  observe  the  planet 
in  its  oppositions  and  conjunctions.  Let 
us  consider  the  oppositions,  whicb  are 
now  generally  used  for  the  tuperior 
planets. 


*  By  the  third  law  of  Kepler,  the  tquarea  of  tbe 
periodic  times  are  at  the  cubes  of  the  frcflter  ixH* 

^  Ot  n^Vv^Wvcv.    8QTne  tablet  coont  the  aiiiMri]' 
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I  the  planet  in  opposition, 
stion  on  the  ecliptic,  E  the 
}  3un,  S  N  the  line  of  the 
perpendicular  to  S  N.  At 
t  the  heliocentric  longitude 
it  it  equal  to  ISvP — iti  geo- 
itude ;  and  the  latter  being 
rell  as  the  longitude  of  the 
kve  the  angle  A  S  M  =  ^ 
» the  radius  vector,  r ;  and 
^  S  P  or  the  angular  dis- 
i  orbit  of  the  planet  from  it0 
d  the  geocentric  latitude  of 
i:  its  heliocentric  latitude 


M.  fan.  7  s  A  fit .  tan. ' 
A  M       tan.  y 


Again," 

A 8  =  SM  •  <^os*  f  =^  S P.  cos.  -^ 
S  fil      cos.  ^ff 


•  8P    "" 


C0S.f 
COS.  ^ 


A 


SM 


tan.  t 


M  =  S  M  .  sin.  f 

tan.r 

sin.  p  =  \ 

tan.  i 

an.  y  =  tan.  i .  sin.  f 

is  known. 

iM  .  tan. 7  =  EM  .tan.# 
^   8M  =tan.  # 
'*•  EM      tan.y 

SM  =  EM.!?5il 
tan.  r 

R .  tan,  t 
"     tan.  y 

\  M,  or  the  distance  from  the 
^arth  which  is  known,  R ; 

t  8  P  .  COS.  y  =  8  M 
xtT  .cos,  7  =  8M 

R  .tao.# 

~     tan.  y 

:^R  .  ttn.  ^  .  sin.  y 

IS  known. 


.*.  cos.  y  :=  -— - 

COS.  f 
.*.  COS.  ^  s:  COS.  y  .  COS.  f 

And  hence  ^,  or  the  angle  A  S  P,'is 
known. 

By  means  then  of  these  calculations, 
each  observed  O|t)position  of  the  planet 
gives  us  the  radius  vector  at  that  mo- 
ment, and  the  distance  of  the  planet 
from  its  node,  measured  on  the  orbit. 
As  the  successive  oppositions  take  place 
in  diiTerent  parts  of  the  heavens,  and 
conseauentlf ,  in  different  parts  of  the 
planets  orbit,  these  oppositions  will  give 
us  three  observed  values  of  the  radius 
vector,  and  the  three  angiet  made b^ (he 
radius  vector  with  the  line  of  the  nodes. 

These  three  angles  would  be  the  he- 
liocentric longitudes  reduced  to  the  orbit, 
if  the  longitudes  were  counted  from  the 
line  of  llie  nodes.  Now,  instead  of  that, 
they  are  counted  from  a  line  drawn 
through  the  centre  of  the  sun  to  the 
vemal  equinox,  supposed  at  an  infinite 
distance  on  the  celestial  sphere.  Sup- 
pose a  plane  perpendieular  to  Uie  orknt 
to  pass  throu|jn  the  sun  and  the  equinox : 
the  intersection  of  this  plane  with  the 
orbit  will  be  the  line  whence  the  lielio- 
centric  lonsitudea  on  tiie  orbit  are 
counted.  Tlie  angle  between  this  inter- 
section and  the  nmie  is  tlie  hypothenuse 
of  a  right  angled  spherical  triangle,  of 
which  one  of  the  siaes  is  the  longitude 
of  the  node  v»  and  the  acute  angle  adja- 
cent to  y.  is  i^  or  the  inclination  of  the 
orbit  to  the  ecliptic  Hence»  calling  the 
hypotlienuse  ^,  we  have 

tan.  V 

tan.  ^  = • 

coa,* 

Thiaemisliiit  tn^  (l\iVo\i^%^^V^ 
eMh  f^  the  distomi  cl  Ww'^^^V^tOTx 
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its  node,  ami  then  we  shall  have  the  three  will  be  Ihe  three  true  anmnaliet  at  flie 
heliocentric  longitudes  reduced  to  the  three  observations.  Applying  the  in- 
plane  of  the  orbit.  We  shall  call  them  verse  method  of  series  or  La  Grange'i 
», ,/,  j\  Theorem  to  the  equation  (1)  in  the  note 
Let  us  call  the  longitude  of  the  peri-  to  page  194,  we  have,  limitingr  ooraehei 
helion  cj;  then  {y  -  cj),  («/  -  cj),  i^"  -  or)  to  the  first  power  of  the  exoentrioty, 

fit  =«-cj-2ff.  sin.  (•  —  fj) 
Similarly    n/'  =  i/  —  o  —  2e.  sin.  (•/  —  o) 
and     ft  /"=  i/'-cj—  2  e  .  sin.  («"  -  tar) 
Hence  n  .  (/'  -  0  =  "^  -  •  -  2<f  {sin.  (i/-cj )  -  sin.  (i»-  o)  } 
n.{t^-t)  =  i/'  -  y-2ff{sin.(i/'-CT)-sin.  («  —  gj)  } 

2C7  «  •     « 

Here,  be  it  observed  that  n  =  -ttt  where  T  is  the  periodic  time  and  is  known: 

that  (/'  —  0.  and  (/"  -  0  are  the  intervals  of  time  between  the  first  and  second, 
and  first  and  third  observations.    Let  us  call  then 

n  {V  -i)  =  p  n  {V  ^i)  zz  p^  ^'-•  =  r  ,/'  —  »  =  •' 

p  =  r  —  2tf  {sin.  (r+  i;  —  fj)-  sin.(v*tST)  } 
pf=  ^  -  2«{sin.  (r'-i- 1/  -  cj)  -  sin.  (»  -o)} 
p  —  r  =  -  2«  {sin.  r .  cos.  (f  -  o)  +  cos.  (r— 1),  sin.  (»— ©)} 

;/-/=-  2  ff  {sin.  r' .  cos.  («  —  cj)  +  cos.  (r'  —  1).  sin.  (»  -  o)  } 

p  —  r       sin.  r  -  2  .  sin.'  \  r  .  tan.  (i»  -p) 
•  •  p'  -  /  "  sin.  /  —  2  ,  sin.*  ^  r' ,  tan.  (y  — cj) 

(p^  "  r^)  .  sin.  ^  -  (p  —  O  sin.  / 

/.  tan.  (i.  -  CJ)  =2  (p/  ^  ^)  .  8in.t  j  r  -  2  (p  -  r)  .sin.*  \  ^ 

this  formula  gives  us  (v  -  cr),  and  since  v  is  known,  o,  or  the  longitude  of  the 

perihelion. 

For  the  excentricity 


2e  =    - 


or  e  =  - 


sin.  (r'  +  I*  -  cj)  -  sin.  (i*  -cj) 


4  sin.  4.  ^  •  COS.  (J  ^  +  1/  —  or) 
Knowing  c  and  »  -  cr,  we  have 

n^=  (p  —  ct)  -  2c.  sin.  (w  -  cj) 

where  all  is  known  but  U    Hut  /  being  of  the  orbit,  deserves  a  particular  expla- 

thus  determined  ^aves  us  the  time  of  the  nation. 

passage  through  the  perihelion.  It  will  be  observed,  that  though,  in  the 

By  the  methods  above  given,  the  dif-  methods  hitherto  followed,  we  have  en- 
ferent  elements  of  a  planet's  orbit  are  deavoured,  as  much  as  possible,  to  de- 
determined.  Astronomers,  however,  are  termine  each  element  at  a  moment  when 
not  satisfied  with  one  single  determina-  it  is  least  affected  by  any  error  on  the 
tion  of  this  kind,  however  accurate,  magnitude  of  the  others,  yet  that  we 
They  are  in  the  habit  of  constantly  mak-  have  not  been  able  completely  to  isolate 
ing  observations,  in  order,  by  means  of  any  one  of  them.  Thus,  the  indination 
those  observations  to  correct  the  value  of  the  orbit  is  afi'ected  to  a  certain  extent 
of  the  elements  already  found.  It  is  to  by  an  error  in  the  longitude  of  the  nodes; 
this  continual  revision  and  amelioration  and  again,  a  mistake  in  this  longitude, 
that  the  planetary  tables  owe  their  pre-  or  in  the  inclination,  would  aiiect  the 
sent  great  exactitude.  place  of  the  perihelion  and  tlie  excentri- 

The  manner  in  which  a  number  of  city  of  the  ellipses.    All  these  elements 

observAtions  are  combined  in  order  lo  atvd  their  secular  variations,  exercise  a 

correct  simultaneously  all  the  elemcuVa    T«c;\v^ociV  SxALVM.w:ft  >x\^qx^  «%a\\  other. 
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s  (miy  bv  correctiniBr  them  all       A  second    obsenration   gives .  us  a 

leously,  that  this  influence  can  second  equation  of  the  same  kind,  the 

ojed.    Another  important  con-  unknown  quantities  remaining  the  same» 

I,  that,  in  the  correction  of  the  and  in  the  same  way  we  may  obtain  any 

I,  a  great  numt)er  of  observa-  number  of  equations  that  we  may  want, 

ould  be  employed,  as.  thu^  the  Strictly  speaking,  we  need  not  have  more 

le  errors  of  these  observations  equations  than  elements ;  but,  for  the 

late  each  other,  and  the  results  reasons  above  stated,  it  is  desirable  to 

will  possess  the  greatest  accu-  employ  a  great  many  more.    The  ques- 
tion then  arises,  what  is  the  most  ad- 

m  suppose  now,  that  the  place  vantageous  mode  of  combining;  them, 
net  for  a  certain  moment  is  cal-        The  most  exact  and  generally  useful 

with  the  approximate  value  of  method  for  this  purpose,  is  that  called 

lents  which  we  possess ;  let  us  the  method  of  least  squares.    Call « the 

also,  that  the  place  of  the  planet  error  of  the  tables  given  by  one  obser- 

same  moment  is  actually  ob-  vation ;  ef  that  given  by  a  second,  e^'  by 

-there  will,  of  course,  be  between  a  third,  and  so  on.    Let  a?,  y,  z,  be  the 

ilated  and  observed  place  a  dif-  unknown  errors  of  the  elements.     Let 

which  difference  is  called  the  ax,bt/,cz..,  represent  the  effects 

the  Tables.     Now,  as  we  are  produced  separately  upon  the  place  of  the 

that  there  is  no  mistake  in  the  planet  bv  the  respective  errors,  rr,  y,  z 

r   the   tables,   that   is,  in  the  ...  in  the  first  observation :  a'x,  l/y,  cfz 

atical  formulse  on  which  they  ...  in  the  second ;  and  so  on.    a,  6,  c, 

ided,  the  error  must  arise  en-  of,  b^ycf  ,  ,  ,  will  be  known  coefficients, 

)m  mistakes  in  the  values  of  the  then 
:  elements.    This  error  then  is  a 

of  all  the  errors  on  the  ele-  e  -  ax  -{-  by  •{•  cz  .  . . 

but  as  these  latter  are  very  e' =  d'a:  +  6' y +  c'r  .• . 

fe  may  make  use  of  a  pnnciple  ^i 

have  already  employed,  and  con-  ^  -  a*'  x  ■{•  V  y\-  c'  z 

I  total  error  as  the  sum  of  all  the 
errors  produced  by  mistakes  on 

le  of  the  elements*.    We  calcu-  each  observation  will  give  an  equation 

I,  separately,  the  effect  produced  of  condition,  in  which  the  coefficients 

all  indeterminate  error  on  each  a,b,c...  will  be  different,  but  the  error 

i;   we  add  all  those  terms  to-  on  each  element  remaining  the  same» 

und  equate  their  sum  to  the  ob-  a?,  y,  2? . . .  are  constant, 
error  of  the  Tables.    We  thus        Square  each  of  these  equations,  and 

equation  in  which  there  are  as  then  add  them  all  together,  we  have, 

nknown  quantities  as  there  are  writing  downmerely  the  terms  involving 

oinate  errors,  that  is,  as  there  x,  since  the  others  are  exactly  of  the 

lents  to  be  corrected.t  same  form. 

y«+.  .  =  (o«4-«'«+a"*  .  .)««4-2  xyia b-\<i  6'+.).+2  xz  iac-\^cf+.. 

is  equation  is  of  the  form  S=Ma:«  +  Na?-fP,-f-  &c.,  to  make  it  a 
m,  its  first  differential  coefficient  must  be  equal  to  nothing,  A  M  a4-N  =  O. 
onsidering  x  alone, 

[-a^_|_...)_[-y(a6+a'y4-...)  +  z{ac  +  d cf  +  ...)'\- . . .  =  O 
ota{ax  +  by-\'Cz...)  +  didX'\'Vy  +  dz)  +  ...  =  0 

,  to  form  the  equation  that  gives    quantities,  multiply  each  equation  o^ 
lum  for  any  one  of  the  unknown    condition  by  the  coefficient  of  the  un- 
known quantity  in  that  equation,  taken 
with  its  proper  sign,  and  then  add  to- 

totai  Tariauon  ariting  from  a  number  of  gether  all  these  products.  For  each  un- 
iiuneons  variaUons  is  equal  to  the  turn    known  quantity  wc  must  procccd  in  the 

SXli'««"5^ftSX'or  pi.SU2!«    same  way*.  .0  that  we  ^et  ultimately 

lon«  page  159,  we  hare  calculated,  aepa- , 

M  effecta  produced  by  a  change  In  the 

.  and  a  change  In  the  longitude,  and  then        *  The  theory  of  th«  mix\m%  m^  m\T\tfi%  «kt 

r  reenlu  together  to  get  the  effect  of  a  sereral  vaiiab^ct,  ah<m«  ua  \\ka&  Vkie  c«»tA\>\o^  t«t 

MM  Tarlatlon  In  thoae  qnaatltle*.  the  alnlinam  to  to  \m  taiOiSM^  i«y«tiftM\i  "mV^  'c^ 

9q;iuiiloal§aUledMaftwatiomtfeo9JUiqfi,  gaidfto«MlL 


just  M  'fOKOf  equations  as  unknown  oppontioiia  oC  ImitBf  hiif*  Iwt  i^ 

quantities,  from  which  equations  the  aerred.  and  tbal  from'  eaoh  oppoiiftMt 

latter  must  be  found  by  the  ordinary  his  heliooentrief  looritnde  baa  ViaB'da- 

methods  of  elimination.  duced,  as  ocplaiiied  befott  iQ  p^fla  SIT. 

To  explain  more  completely  this  im-  Let  us  suppoaa  that,  for  eacb  of  Uni99 

portant  subject,  we  shall  give  an  example  four  instants  Of  time,  hia  loiigHada  bi^ 

of  the  application  of  the  method  of  been  calculated  ftom  the  tablea,  aat 

equations  of  condition,  and   of  Oieir  compared  with  the  cftMervatlona,  ai|  tint 

combination  by  the  principle  of  least  the  four  respeettfe  errors  of  tl^  tabJai 

sauares,  to  the  simultaneous  correction  are  known.    In  this  way  tat  us  sappoai 

of  the  longitude  of  the  perihelion,  and  that  tbe  four  follofwing  eqfiatiaiMi  'Mve 

eccentricity  of  the  orbit  of  a  planet  *•  l)een  formed : 

Let  us  calculate  from  the  tables  the  ^  ^  ^^^  g  ^  ^  j  |ir.g 

following  quantities,    A,  the  mean  Ion*  

gitude  of  the  perihelion,  reduced  to  the  «  -  0-9?  »  =  -  1^*4 

orbit,  p  tbe   mean   anomaly  counted  x  +  0*57  jt  »  »  14**7 

from  the  perihelion ;  then  2  e  sin.  ^  will  l  i»jr^ 

be  the  equation  of  the  centre  (limiting  ?  •"  U'?^  •  -  T  t?  'f 

ourselves  to  one  term).    Now,  calling       'W'e  shall  proceed  to  oombiae  these 

X  the  longitude  in  the  orbit,  eauationsby  themetbod ofleaat  iii|iiaifft 

x  =  a4-^4-2«su].  ^  The  coefficient  of  a?  in  each  ^sqnatiDttii 

^        ,      ,        ,  ,     ,    ^  unity;  we  have  then  only  to  add  aU 

Let  a;  be  the  unknown  correction  to  be  tbese  equations  together  for  at;  aai  we 

applied  to  the  epoch,  z  that  to  the  ec-  g^  - .     -^ 

centricity ;  then  the  real  elements  will  .        4  js  — .  29  ;ff  =s  —  M'^'S 

A  +  a:;2(.  +  *).in.^  A  a^  -  Of  «  =  -  13"^  •  •  •  CP 

These  element,  .ubsti^ted  in  the  gene-  1;,^^^!^^  i;iH:iSS^ 

Let  us  suppose  that  x'  is  observed :  we  +  0*98  x  +  0*96  r  =  —  1 1*5 

have  calculated  X,  consequently  we  know  .  0*99  x  +  0*98  ;r  ■=  +  llf^ 

x'  —  x;  let  us  call  it  c    But,  on  the  ' 

other  hand, 


0-57  X  +  0-32«  =  -     8*1 


;,/=A  +  a?  +  2(.  +  *)sin.^  -  0-85  a?  +  0-72  ar  =:  +13*0 

=  A  +  2..sin.^  -029* +  2-9    ?=+    4^ 


x'  —  x  =  tf  =  ir  +  2  2r.  sin.  ^ 


-  10  «  =  -  18-^1  • .  .  « 


rV   It  u    ^u       ^A   *u  i. :  \u'  We  hsve  now  to  eliminate  by  the'  crB" 

It  will  be  observe^,  that  m  this  expres-  „^^j,ods  x  and  »   t^weentti 

xZdZ  ''  ^'*'^*''°^  "*  ^''''''''  ^^'^P^  eqSations  (1)  and  (2).  and  we'  ^ 

A  second  observation  gives  us  the  a?  =  —  13  '38 

equation,  ir  =  +    0^'45 

e^  =  x+2z  sin.  (f^  ^^^  ^^  ^^^  ^^^  ^j^^  longjtqde  of  the 

where,  as  before,  ^  is  known.    In  this  perigee  is  to  be  diminiahcd  by  13^*38. 

way  we  may  collect  any  number  of  and  the  excentricity  to  be  inoreased  bgr 

equations  to  determine  x,  z.    Let  us  0^^*45. 

suppose,  for  example,  that  the  other  The  method  of  equationa  of  condftios 

elements  of  the  orbit,  exceptinj^  the  Ion-  b  of  contSnoalapplicaSioA  In  aatronoay» 

gitude  of  the  perihelion  and  the  excen-  nor  is  it  confined  merely  to  coiiediai 

tricity  being  known  exactly,  that  four  the  solar  or  planetary  tabtaft.'   To  gitt 

an  example  of  another  kind,  wte  iaaf 
refer  to  what  has  been  aaid,  page  IH 


•  In  this  eymple,  which  Is  giren  merelf  u  an  OU  the  method  Of  determining  iM  .._ 

niastrfttlon  or  Uie  method,  we  suppose  known,  not  ■font  nf  nutflf inn  hv  nhaai  ■  1 1|P_._  a/  Hm 

merely  the  longitude  ot  the  nodeandthe  incIinaUon  "*"*  01  UUiaUOU  Oy  OnfO^rBime  Of  « 

of  the  orbit,  which  only  fix  the  position  of  the  plane  pOle      Star,      SUppOSmg   tn6  'eDttlilWl 

of  the  orbit,  bnt  also  the  mean  longitude  and  the  kUOWn.      But  it  IS  POSmle  tO  *  "  *       '" 

mean  motion.    To  proceed  correctly,  we  ought  to  -,:^„u„«^«„.iw     iJL   iw^.^ 

correct  the  two  latter  simultaneously  with  tiie  Simultaneously  ^  by   tbese 

longitude  of  the  perigee  and  the  excentricity.    Aa,  " 
Aowiertr,  thia  would  lead  to  long  calcalattons. 


A«r»  A7oided  it,  wiahing  only  to  gVtt  »i\Aeii«t^te 


the  constant  of  8Lberratioiu''ea"ePS|l  ki 
that  of  nutation^  end^ue^nreoMiii 


ss;;?s:;i5Sd;"'''"'*''^^'~"^"^  v^^am^f^'¥^^i9k^'tmm^^ 


X.  $  3.] 
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donbt  abouf  the  correctness  of  the  form  When  we  determine  the  constants  of 
of  the  expressions  for  the  nutation  and  aberration  and  nutation  simultaneously, 
aberration  in  declination,  and  the  places  it  is  betfit  to  select  the  pole-star,  for 
of  the  stars  are  always  sufficiently  well  this  reason,  Q  -  Q'  must  be  as  great 
known  for  calculating  these  small  quan-  as  possible ;  now  Q  is  of  the  form 
titiet.  but  there  may  be  a  trilling  uncer-  sin.  « 

tainty  on  the  amount  of  the  constant  n  .     .  '    ,  sin.  i^-f) 

eoefficients.    If  n  be  the  constant  of      ,  '  ^ 

aberration,  and  P  the  factor  by  which  ^^»e  ^  is  a  constant  anjjle;  we  must 
it  is  multiplied  to  express  the  effect  on  <*ien,  to  determine  the  nutation  most 
the  declination,  then  each  observed  alti-    favourably,  observe  when  ft  =  S^  + 1 80^ 

or  at  mtervalsof  half  a  revolution  of  the 
lunar  nodes,  while  the  aberration  re- 
quires other  observations  at  intervals  of 


hide  of  the  pole  star  gives  us  an  equa- 
tion of  the  form  a  =  J  -  m  Q  —  nP, 
and  subsequently 

I  -  y  =m.(Q  -QO  +  w.(P-P') 


six  months.    Now  the  polar  star  may 
always  be  observed    both    above  and 


we  can  cret  any  number  of  equations  of  bei^^  ^^^  poig ;  and  in  Europe  its  alti- 

this  form,  and  then  combine  them  by  ^^^^  jg  sufficiently  great  to  avoid  any 

the  method  of  least  squares,  whence  w*  errors  on  the  refraction. 

determine  simultaneously  m  and  n.  ^Ve  shaU  give  one  more  illustration  of 

cos,  g.sm.  A    ^.^  rc)+(»)  a  different  manner  of  employing  a  num- 

cos.  p       -      '  \v    "Pt  Ijgj.  qJ  equations,  which  will  serve  at  the 


P  = 


where  ^  is  an  auxiliary  angle  involving  same  time  to  illustrate  the  manner  in 
onlv  the'  right  ascension,  declination,  which  the  constant  of  refraction  is  de- 
and  obliquity  of  the  ecliptic,  and  may  termined.  From  optical  and  physical 
therefore  be  considered  constant.  It  is  considerations  exclusively,  La  Place 
desirable  that  P  -  P'  which  becomes  has  deduced  an  expression  for  the  re- 
ultimately  a  divisor,  should  be  as  large  fraction  in  terms  of  the  zenith  distance, 
at  possible,  to  diminish  the  effect  of  any  which  has  already  been  given  in  page 
vnavoidable  error  on  S  and  if ;  since  ^50.  He  has  also  presented  this  ex- 
ii  constant,  this  will  be  the  case  when  pression  in  a  form  more  convenient  for 
O  =  O'  -|-  180**,  or  nearly  so,  that  is  our  present  purposes*.  Call  r  the  re- 
when  the  observations  are  made  at  an  fraction,  n  the  unknown  constant  to  be 
interval  of  six  months.  This  can  only  determined,  X  the  zenith  distance,  h  the 
be  done  on  stars  not  too  far  from  the  height  of  the  mercury  in  the  barometer, 
pole :  on  the  other  hand,  the  altitude  (corrected  for  the  effects  of  the  tempe- 
must  be  considerable  to  avoid  any  un-  rature  on  the  mercury,)  q  a  known  con- 
certainty  on  the  refraction :  these  con-  stant  expressing  the  expansion  of  the 
nderations  limit  us  either  to  the  pole  air  for  every  degiree  of  Fahrenheit's  ther- 
star  itself,  or  circumpolar  stars  on  their  mometer  t,  t  the  number  of  des:rees 
siqieribr  passage  above  the  meridian.  above  50  marked  by  the  thermometer. 


n  .  h  ,  tan,  g  j^  w'  .  A*  (1  4-2  cos.*  g)  tan.  ^ 

Inch.    -  I  inch.  f    •  -,-»-  •  9 

29-6{l+y/}        {29-6(l-j-^0}  ^    : 


n  ,h  ,  0*00125254  tan,  j 

inch. 

29  6  COS.«{ 


When  the  zenith  distance  of  a  star 
has  been  observed,  all  in  this  expression 
it  known  but  fi,  which  may  be  deter- 
■incd  by  taking  the  meridian  altitudes 
of  cireumpolar  stars  above  and  below 
the  poiet  as  follows: — ^The  expression 
to  the  refraction  we  shall  call  shortly 
A«  -^  B  fi^  ;  A  and  B  being  known 
cocfficientf.  The  true  zenith  distance 
equk  the  apparent  zenith  distance 
+  the  refraction  =  ?;  +  An  4-  B  n«. 


I^t  us  suppose  that  ^  is  the  zenith  dis- 
tance observed  at  the  superior  meridian 
passage  of  a  circumpolar  star ;  call  ^ 
the  apparent  zenith  distance  at  the  in- 
ferior passage,  then  the  true  zenith  dis- 
tance on  this  latter  occasion 

=  ;'  +  A'n  +  B'/i«. 

But  half  the  sum  of  the  true  zenith  dis- 
tances will  give  the  true  co-latitude ;  call 
this  ^;  then 


•  Bfs  MtCuiqiM  CilMtc,  ToL  It.  p.  S71. 


t  For  tht  vsiat  ot  q,  m«  v 


^' 
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5  +  C  +  (A+  A')  n  +  (B  +  B')ii«  =  2(p (•) 

Now  if  ^  were  known  flCliii&^ht  be  But  it  in  desirtble,  in  practice*  dlwifs 

found  by  the  solution  of  a  quadratic  to  select  those  moments  for  obeemlkn 

equation,  but  in  fact  ^  cannot  be  known  which  tend  to  gire  the  most  aeciints 

^/tf  ejr<ic//y  without  a  knowledge  of  the  resnlt.    Now  when  a  star  is  near  the 

refraction ;  it  is  then  desirable  to  deter-  meridian,  its  altitude  Taries  very  i^'^'*^ 

mine  at  once  n  and  ^.    Now  every  cir-  and  consequently  the  altitude  on  ths 

cumpolar  star  that  we  observe  will  give  meridian  may  be  found  very  aocnratdy ; 

us  an  equation  similar  to  (a).    Ri^^or-  when  this  altitude  is  known,  we  have  no 

ouriv  speaking,    then,   two  equations  occasion  to  go  through  the  process  of 

would  give  us  tiie  values  of  n  and  ^.  solving  a  spherical  triangle,  we  shall 

It  is  desirable,  however,  to  observe  a  obtain  the  latitude  by  simpue  addition  or 

greater  number,  if  possible;  and  each  subtraction.  The  latitude  is  then  always 

star  ^ves  an  equation  of  the  form  most  simply  found  by  observatioiis  made 

M  -|-  F^  +  Q'i'  =  2  ^,  on  or  very  near  the  meridian.    Then 

where  M,  P,  andf  Qt  are  known.    Now  are  several  modes  of  ddng  this,  which 

II  is  always  very  nearly  known,  and  the  we  shall  discuss  tenoHm. 
coefficient  of  n*  is  extremely  small ;  the        1.  By  simply  observing  the  altitude; 

approximate  value  then  of  n  will  pro-  when  on  the  meridian,  of  the  snn,  a 

duce  no  sensible  error  on  n*.    Substi-  planet,  or  a  fixed  star.    The  altitude 

tnting  this  approximate  value,  then,  of  thus  obtained  is  the  apparent  aUitadeto 

II  in  ii>,  our  qrstem  of  equations  will  be  which  we  must  apply  the  neceaaarr  eor- 

one  of  linear  equations  between  n  and  ^,  rections.    In  the  case  of  a  fixed  star, 

which  quantities  may  be  determined  by  the  only  ccnrrection  necessary  is  for  ths 

the  methods  above  explained.     If  we  refraction.     The  refraction,  we  know, 

wish  to  be  very  accurate,  we  may  sub-  varies  as  the  sum  of  the  first  and  tiiird 

stitute  in  n*  the  yalue  of  n  thus  ob-  powers  of  the  tangent  of  the  lenith  dis- 

tained,  and  recommence  our  calcula-  tance,  each  multiplied  by  certain  eoeffi- 

tions,  but  this  would  be  an  unnecessary  cients  involving  a  known  constant,  and 

refinement.  the  height  of  the  barometo'  and  thormo- 

meter  at  the  time  of  observation.    But 

Chapter  XL  as  it  would  be  troublesome  to  calculate 

this  formula  in  each  particular  case,  it 

Terrestrial  Longitudes  and  Latitudes,  has  been  put  into  tables,  where  we  find, 

first,  the  refiraction  for  any  g^ven  zenith 

SxCTiON  I. — Determination  qf  Terres-  distance  when  the  barometer  is  at  29*6 

trial  Latitudes,  inches,  and  Fahrenheit's  thermometer  at 

50®;  and  afterwards  the  corrections  to 

The  determination  of  terrestrial  longi-  be  applied  for  the  differences  between 

tudes  and  latitudes  by  means  of  astro-  these  normal  heights,  and  the  really  ob- 

nomical  observations,  forms  the  most  served  heights  of  the   barometer   and 

important  application  of  the  science.   It  thermometer.    A  great  variety  of  such 

is  unnecessuy  to  dwell  upon  the  uti-  tables  exist.    Having  corrected  for  the 

lity  of  these  determinations  in  naviga-  refraction,  we   find  the  co- latitude  at 

tion  and  geography ;  we  shall  proceed  once,  or  the  height  of  the  equator,  by 

at  once  to  consider  the  various  methods  subtracting  the  starts  declination  firom 

by  which  the  latitude  may  be  found,  its  altitude,  if  the  declination  is  north, 

Generally,  if  we  observe  at  any  time  and  adding  it  if  it  is  south*.     It  is  hn- 

the  altitude  of  a  known  star,  or  of  the  portant  to  observe,  that  we  must  employ 

centre  of  the  sun  or  a  planet,  the  lati-  the  apparent  declination,  that  is,  the 

tude  may  be  found  by  the  solution  of  a  declination  as  affected  by  precession, 

spherical  triangle,  in  which,  besides  the  nutation,  and  aberration  :  the  Nauti^ 

zenith  distance,  the  north  polar  distance  Almanac  gives  these  apparent  dedina- 

is  known,  as  well  as  the  hour  angle,  tions  for  100  principal  fixed  stars  for 

which  is  opposed  to  the  zenith  distance ;  every  ten  days  throughout  the   year, 

we  have  to  determine  from  these  the  Nothinfi:,  then,  can  be  more  simple  than 

third  side,  which  is  the  distance  from  the  the  determination  of  the  latitude  in  this 

zenith  to  the  pole,  or  the  co-latitude,  way. 


•  This  Buppofm  that  the  star  pasaes  the  meridian  to  the  south  of  the  pole  ;  if  It  pastes  to  the  aoitk  of 
the  pole,  add  its  north  polar  disUnce  s  90^  -  decUoatioo  to  the  alUtudc,  and  W9  nl  «l  oacw  Ifcv 
Msht  of  the  pole*  that »,  the  Utitade. 
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If  the  sun  or  a  planet  be  observed, 
other  corrections  are  necessary.  As  the 
centre  of  the  disks  of  these  bodies  can- 
not be  distinguished  by  the  eye,  we  are 
obliged  to  observe  the  altitude  either  of 
the  upper  or  lower  limb,  and  then  to 
subtract  or  add  the  apparent  semidia- 
meter  *.  This  gives  the  apparent  alti- 
tude of  the  sun  or  planet's  centre;  we 
must  now  apply  the  correction  for  re- 
fraction, and  then  that  for  parallax. 
The  formula  for  the  latter  is  so  simple 
that  it  may  be  directly  calculated;  it 
will,  however,  be  found  tabulated  among 
the  solar  tables.  We  now  apply,  as 
before,  to  the  altitude,  the  declination  of 
the  sun  or  planet*s  centre ;  which  de- 
clination is  found  in  the  Nautical  Al- 
manac, calculated  for  every  day  from 
the  tables  in  the  way  which  has  been 
explained  in  the  preceding  chapter. 

II.  A  second  and  more  accurate  me- 
thod is  the  following.  Instead  of  deter- 
mining the  meridian  altitude  by  a  single 
observation  on  the  meridian,  we  take 
several  altitudes  very  near  the  meridian 
and  on  both  sides  of  it :  from  these  we 
conclude  the  meridian  altitude.  To  show 


how  this  is  done  |  suppose  in  the 
nexed  figure  P  to  be  : 


the  place  of  the  pole,  Z  the  senith,  S  a 
star  or  planet  observed  very  near  the 
meridian :  suppose  the  altitude  to  have 
been  corrected  for  refraction,  and,  if 
necessary,  for  parallax;  then  90®  — 
altitude  =  Z  S  =  ?[.  Knowing  I  we  wish 
to  deduce  the  zenith  distance  Z  m  when 
the  star  is  on  the  meridian.  It  is  to  be 
observed  that  we  know  the  time  of  the 
observation,  and,  consequently,  the  hour 
angle  Z  P  S  =  A ;  and  the  declination 
of  the  star,  =  J  =  90<^  -  P  S.  Z  P  is 
the  co-latitude  =  90°  -  ^  Take  Z  O 
=  Z  S  =  &  join  S  O,  S  M  by  arcs  of 
great  circles^  Now  by  spherical  trigo- 
nometry 


cos.  i  =  sin.  ^.  sin.  i  +  cos.  ^.  cos.  ).  cos  h 

=  sin.  ^.  sin.  i  +  cos.  ^.  cos.3  —  2  cos.  ^.  cos.  )•  sin/ 


=  COS.  (^  —  3)  —  2  COS.  ^.  COS.  3.  sin.'  —-     

ButZS=:Zo  =  Zm  +  om 

=  Z  m  +  ^^    calling  om^'^ 

andZm  =  Pm-PZ 

=  P  S  -  P  Z  (the  declination  being  supposed  invariable.) 
=  ^-> 
/.  COS.  Z  S  =  COS.  i  =  COS.  (^  —  I)  COS.  4  —  sin.  (^  —  I)  sin.  '4^ 


=  COS.  (^  -  J)  M  -  "Y"  ]  -  ^'  sin-  (^  -  h 


(2) 


For  COS.  >^  ss  1  — 

sin.  ^  =  ^  —  — 


and  the  arc  ^  being  very  small,  we  take  only  the  first  term  of  the  series  in  each 
case. 

Equating  now  the  expressions  (1)  and  (2),  we  get 

i  ^,*  Qos.  (^  —  3)  +  ^.  sin.  (^  -  J)  =  2  cos.  ^  cos.  h  «n.«  — 


*  As  th«  nin's  •ppareni  Kmldlsmetcr  it  not  ooMtaat,  its  ▼■hu  li  glfen  for  rrtry  day,  ia  the  Nan- 
tiol  Almanac. 


to  find  .j^  ihm  lids  eqoUibn,  we  begm  by  heg:le^ 

,,  .        2.  COS.  A.  COS.  ^.     .    '  ,  A 

then  ^  =  — : — ^ 57-.  oii.»^-j- 

2  sm.«-r-  ; 

or  expressing  ^  in  seconds,  ^  =  : — — -  .  -^ — — ^ — rr- (3) 

'^         °  sin.  1"        sin.  (^  —  *) 

When  we  do  not  observe  too  far  from  a  planet*  it  will  be  necHsaiT  to  allow 

the  meridian,  this  term  is  always  suffi-  for  the  change  of  4eclination  during  the 

dent*.    Each  altitude  obsierved  near  interval  of  the  obsenratioiia,  a«  w^  have 

the  meridian  will  s:ivje  a  value  of  ^,  hitherto  supposed  the  declination  in- 

which,  being  added  to  it,  will  give  a  variable.,  in. the., first  plius«,, wq  oiaj 

value  of  the  meridian  altitude ;  the  mean  observe,  that  the  motioii  in  dedhuikm 

of  all  these  meridian  altitude^  must  be  being  very  small,  it  may  l>e  aupposed 

taken.    Or  it  is  better  to  observe  an  uniform  during  tl>e  whole  interval.,  ot 

equal  number  of  altitudes  on  each  ude  the  observations ;.  and  .the  Tairi^tipn  will 

of  the  meridian,  a,nd  to  take  their  mean ;  be  proportional  to .  the  time  from .  the 

then  to  take  the  mean  of  all  the  .arcs  piendian  transit,  that  is,  to  tji®  bouir 

^it'  corresponding  to^them;  and  apply  angle:  also,  the  corrections .  wil}  evi- 

this  mean  correction  to  the  mean  ob-  idently  be  of  ditferent  ngpu  before  and 

served  altitude,  to^ducfj  the  true,  me-  after  the  meridian  tn^sit;  .Ipjir  jhe.Se: 

ridian  altitude  t.    We  may  here  remark  cuination  .goiBS  on  «i)her  inereaail^  V 

;,...».     ..    ■   cos.^cos.i  .       diminishing  t;lwoiighout,wlufct^^ 

that  the  factor  -: — ,    ^  ^  •  remains    duttanqes  diminish  on  one  aid^  of  ifit 

sm.  i^      i)  meridian,  and  ihcreasie  on  the  otter. 

constant  for  all  the  observations,  while    Take  the  sum  of  the  hour  englM  (these 

.   ,  ^  angles  being  expressed  in  minutes  of 

^  ^^"'    2  time)  on  one  side  of  the  meridian,  then 

— : — -jf-  is  different  for  each.  Astro-    that  on  the  other :  divide  the  differenee 

**"'     uo«^  ^^«of,.«.»f^^  ♦«Ku-  ^f  «k;.    of  these  sums  by  the  number  of  obsenrir 
nomers  have  constructed  tables  of  this    ^j        ^  ^^^(.  ^^      -  j^ .     ^ 

last  term  for  every  second  of  time  up  to  ^-  „  ••  A^^i^t'!U^f7u^Z^J!L!^/t!^^  «; 
L  11.  u  .»•  T«  «»^:n»  ♦!,««  fu^  tion  m  decunatipn  01  the  planet  for  a  nu- 
half  an  hour.  In  finding  then,  the  ^^  ^he  product  ii  tfie  correction  to 
mean  correction,  we  take  the  mean  of  ^^  ;„.«i;«j  ♦*!  lu^ ^I^^J-Z-u.  j  jI: 
11  41,™  f^-rwo  o.  «.;«o«  K«  41,^  ♦oKio.  be  applied  to  the  meridian  altitude  de- 
all  these  terms  as  given  Dy  the  table :  a^^^iIIa  k.,  4u^  ^»«.u^^«  «»^  ^    •  — 

we   then   mulUply  It    by  V    factor    irtheiu^i'f.ioftlhi'Siffi 

Si"-^y  ^^""•'^  ^•^  "-  ''  ^'   "SrSfeCS?;  given  for  the  d. 
precision,  and  be  observing  the  sun  or    J^totSt  elch  SJ^aS.^'^  bo"; 

angle.     Now  the  hour  angle  depends 

on  a  knowledge  pf  the  time  at  which  the 

•  If,  afterwards,  we  vrinh  to  take  Into  account      „*^-.  -^mM  tn  ih»  tn^ndtan    wKinK  i'twttm 

yl\  we  mutt  calculate  a«  with  the  value  of  yi    ?^~  comcs  10  tiie  meridian,  wbicti  lime 

fbundbythe  first  approximation:  aubatitute thla     !«  fOUnd   by    a  knowledge   of   itS    nght 
Talneof  y^*  in  equation  (3),  and  then  determine     aSCensioiV  aUld  of  the  moment  at  which 

^ ;  it  will  thus  be  given  with  great  accuracy  J  but    any  g:iven  ^enith  distance  is  olMM»rv«d: 

it  Is  perhaps  better  only  to  emplov  observations     the  difference  Of  these   twO  times  is  the 
within  10  or  16  minutes  of  the  meridian,  when  tha     u«,..-  »..»i^       vr^.-  *u^      ^•.   i-  i     i. 

second  term  may  be  neglected.    If  taken  into  «c-     ^OUr  angle.     Now  the  watch   Or  clock 

count  the  reader  may  easily  satisfy  himself  that     that   we   USe   wili   never  folloW   exactly 

it  wiu  be  of ^the  form  ^ilh^j.  jj^g  motion  of  the  mean  sun  (if 

2 sin.  'T  ,^     ,,  fco..^.co,.M  ,      ,7^*^  employing  mean  solar  time)  or 

-"  (^-^).|^^^  (^-x)  r       ^^^  motion  of  the.  star   (if  we  foUow 

sidereal  time) :  but  in  either  case  we 


cos 


sin.  1" 
t  It  is  to  be  observed,  that  the  latitude  is  always 


known  approximately,  or.  if  not  known,  may  be    noay  determine  prettv  exactly  the  daily 

determined    approximately  by  a  single    altitude     loss  Or  gain  of  the  clOck,  which  loss  OT 


near  the  meridian,  for  then  the  altitude  changes 


«?;.ioVi,ri.r.  wiih  .w.  ap;oVir.Ve  v;.;?,?  R""  *«  «»??»««  »<»*  to  vary  from  day 

M,  that  we  calculate  the  correctioa  to  day.     Let  US  SUppOSe   the   cloCk  tO 

COM. peoM.i  ^^>afe . A'^ly  a  numb^  oCi^eoORds,  jrhicfa 

•in.  (<p  -« •  N«^^\M2aL<»^T\Vil'ii;.^BfliaT^inIl  hafts 
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n^alt^e  sign).  Then,  in  24  hoursi  the  angle  A,  consequently  in  our  formtOse  of 
clock,  instead  of  indicating  86400  se-  reduction  will  not  be  the  real  hour 
conds,  will  indicate  86400*  —  r,  the  hour    angle.   Call  h!  the  real  hour  angle,  then 

jr_       8^400* 

h    "  86400  -  r 

r.A. 86400 


•  • 


h'  =  A. 86400  4 
LetA.86400' =  H  :and 


86400 -r 
=1^,  then 


86400  -  r 
A'  x:  H  +  H  r' 

.-.  sin.  i  A'  =  sin.  (i  It  +  *  H  f' 
=  sin.  i  H.  COS.  4  H  r'  +  cos.  ^  H.sin.  i  H  r' 

In  squaring  this  expression,  let  us  confine  ourselves  to  the  first  poorer  of  siiu 
i'H.r'  and  take  cos.  ^Hr'  =  i 

.   -  ^'          .   -  H    .  sin.  H.  sin.  H  r' 
/.  sm.«  -r—  =  sin.*  -T—  H 


We  may  substitute  in  the  second  term,  H  and  H  r'  being  very  small,  2  sin. 
instead  of  sin.  H,  and  2  r'  sin.  }  H  for  sin.  H  r'.    This  gives  us 


H 


sin.  H.sin.  H  r' 


=  3  r'  sin.« 


H 


sin.' 


h' 


=  (1  +2r')sin.» 


H 


2         X-   .  -  '  -  -  ■      2 

We  have,  then,  in  the  constant  factor  common  to  all  the  reductions,  an  additional 
term  to  introduce ;  namely,  the  multiplier  (I  ;-|-  2  r').  To  exemplify  this  method* 
let  us  suppose  that  at  a  certain  spot,  eight  altitudes  of  «  Polaris  near  the  meridian 
(at  the  superior  transit)  have  been  taken,  four  on  each  side  of  it :  let  the  apparent 
declination  of  the  star  for  the  day  in  question  be  ^  .  .  •  QS^  17M1'' 
Let  the  approximate  value  of  the  latitude  be  ^     .        «        .         .     51^    2'    5'' 


Then  <p  -  ^ 
Hence 


,.  ,       ,         =37°  15'  36" 

fCOS.  1  COS.  «) 

^°g-{dn.tf-»l     =     8.4900862 

The  clock  loses  daily  on  sidereal  time  69'* 5 

/.  log.  (1  +  2  r')     =     6.0006986 

.   ,        fcos.  Vcos.  •  (I  +  2^)) 
••  log.  { ^,— -I \     =     8.4907848 

I  sm.  (^  —  I)         J 

'    ♦. 

this  is  the  logarithm  of  the  constant  fiEUstor  by  vrhicn  v?e  must  multiply  the  mean 
of  the  reductions. 

Now  let  us  suppose  that  it  has  been  found,  from  a  knowledge  of  the  jif^ht 
a^ension  of  •  Polaris,  that  it. will  pass  the  naeridian  at  its  superior,  transit  %t 
0^,  24"*.  44V  By  comjparing  this  time  with  t}ie  time  of  the  respective  observations, 
Ve  get  tbe  several  hour  angles,  and  tiaking  from  the  tables  the  corresponding 
reductions,  they  appear  as  follows :— 


Sidereal  Time. 

Hour  Angle. 

BedacUon  to  the  Meridian. 

23  IS  57 

5U7 

65-7 

22  23 

2*21 

10-8 

22  .59 

1*4^ 

6-0 

23  43 

1-1 

2*0 

29  19 

4-35 

41-2 

41  59 

17*U 

683*9 

45  54 

2110 

879-0 

46  36 

21-52 

938-1 

i^ujD  of  reductions 


=     26\6- 7 


log.  2616.7     • 
log.  ooniUnt  tutor 
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.%  there  are  eight  obierratioiii  .\  subtnct  log.  8  . 

.'•  log.  mean  reduction   . 

mean  reduction    .  •  • 

Now  the  mean  observed  zenith  diatance,  we  lappoie 
Refraction  (by  tiie  tables) 

Reduction  to  the  meridian 

Meridian  zenith  distance  of  Polaris 
North  polar  distance  of  Polaris 

Zenith  distance  of  pole  =  co-latitude  •        • 

/.  latitude 


t.4177SS9 
8.4907848 

1.9085387 

0.9039899 

1.0054488 
10^.13 
370  15/    i»r 

37*^  15'  47" 
-   Id 

37**  15'  37'' 

38^  57'  58» 
51**    a'    Sf 


Lastly,  we  shall  remark  that  the  de- 
clinations of  the  stars  may  always  be 
considered  as  sufBciently  well  known 
for  the  most  exact  determinations  in 
navigation  and  geography.  But  in  very 
nice  geodetical  measures,  such  as  the 
measure  of  an  arc  of  the  meridian,  it  is 
desirable  to  determine  the  latitude  inde- 
]>endently  of  any  value  of  the  declina- 
tion. This  is  done  by  observing  the 
meridian  altitudes  of  a  circumpolar  star, 
both  above  and  l>elow  the  pole:  half 
the  difference  of  those  altitudes  will 
give  us  the  altitude  of  the  pole,  that  is» 
the  latitude.  It  is  hardly  necessary  to 
add,  that  in  this  case  each  meridian 
altitude  is  to  be  found  by.  the  method, 
and  with  the  reductions  just  explained. 
In  this  way  we  are  rendered  independent 
of  any  knowledge  of  the  declination  of 
the  star  employ^  and,  if  necessary,  that 
declination  may  be  determined  with 
considerable  exactness  *. 

III.  The  last  method  which  we  shall 
notice,  is  that  of  Professor  Idttrow,  for 
findins:  the  latitude  by  observations  of 
the  Pole  star  off  the  meridian.  This  is 
a  method  of  great  practical  utility,  as  we 
are  enabled  to  find  our  latitude  with  great 
exactness,  at  any  moment,  without  being 
obliged  to  wait  for  the  transit  of  the  star, 
or  of  the  sun  or  a  planet.  Let  a  series 
of  four  or  six  consecutive  altitudes  be 
observed  at  very  small  intervals  of  time, 
and  take  the  mean  of  these  altitudes  as 


corresponding  to  the  mean  of  the  tnncs 
of  obaervation.  To  find  the  meridian 
altitude  of  Polaris  we  mnoceed  at  follows : 
let  P  in  the  annexed  ngure  be  the  place 
of  the  pole;  Z  thatof  theimith: 

1^.58. 


*  The  circnmpolar  stars  usnally  employed  for 
the  determination  of  latitudes  are  Polaris  and  ) 
UrssB  Minoris,  both  of  which,  in  European  latitudes, 
are  sofficieotly  high  at  their  lower  transit  toaroid 
any  uncertainty  on  the  refraction)  and,  at  the 
same  time,  from'  their  small  north-polar  distance, 
move  so  slowly  that  observations  may  be  made 
half  an  hour  on  each  side  of  the  meridian.  In 
the  Nautical  Almanac,  the  apparent  right  ascen- 
sions and  declinations  of  these  two  stars  for  the 
upper  transit  at  Greenwich  are  glreo  for  ercryday 
throughout  the  year. 


•*  f'  m  the  cirde  described  by  the  Pdar 
star  round  P,  and  « the  jilaoe  of  the  star 
at  the  time  of  observation.  CaU  P<, 
the  north  polar  distance  of  the  star,  a: 
Z  P  =  go*"  -  ^  ^  being  the  latitude: 
Z  S  =  90^  -  H,  H  being  the  observed 
altitude.  Our  otnect  is  to  find  thed^ 
ference  between  the  arcs  Z  P,  and  Z  # ; 
as  then  Z  s  being  known,  we  may  000- 
dude  from  it  Z  P  or  the  co-latitiula» 

Now 

ZP  -  Z  S  =H  -  4>  =  Yr  A  ^  snH-t 

Y^  it  will  be  recollected,  must  alwavs  be 
small,  as  P«  is  not  more  than  1^  49^ 
Now  let  p  be  the  hour  aa|^  Z  P  « 
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COS.  2s  Ts  cos,P«.cofl.PZ  +  un.  P«.  lin. PZ  .cos.p 

sin.  H  =  COS.  A  .  sin.  (H  —  '»^)  +  sin.  a  .  cos.  (H  —  •«/')  .  cos.  p . 

/.  1  =  cos.  A  (cos.  >^  -  sin.  >^  .  cot  H)  +  sin.  a  .  (cos.  •4^.  cot.  H  +  sin.  >^)  cos.p 

/.  1  =  cos.  '^  •  (COS.  A  +  sin.  a  .  cot.  H  .  cos.p)  -  sin.  '^  (cos.  a. cot. H  —sin.  a, 
cos,  p.) 

Put  a  =  COS.  A  +  sin.  a  .  cot.  H  .  cos.  p 
b  ^  cos.  A  .  cot.  H  -  sin.  a  .  cos.  p 
,\     1  =  a  .  COS.  >^  -  6  .  sin.  >^  • . .        (1) 

Now,  a  =  1  +  A  .  cos.p  .  cot.H  —  i  A«  —  ^  .  a».  cos.p  .  cot.  H 

A  being  small 

b  =  cot.H    -   A  .  cos.p  .  -  J  A«.  cot.  H  +  ^  •  A».  COS.  p 

Suppose,  on  the  other  hand,  >^  developed  according  to  the  powers  of  a,  we  may 
put  >^  =  A  A  +  B  A«  +  C  A»     .     .     .     (2) 

There  is  no  term  in  this  expression  independent  of  a,  for  if  a  =  0,  we  should 
clearly  have  ^  =  0, 

Now,  cos.  >^  =  1  -  i  A«  A«  -  A  B  A» 

sin.>;'  =  Aa+Ba«+  (C  -iA«)  a» 

Substitute  now  these  values  of  sin.  >^  and  cos.  >^  in  equation  (1),  and  at  the  same 
time  the  values  above  found  for  a  and  b,  we  then  get^  arranging  our  terms  accord- 
ing  to  the  powers  of  a, 

1=1+  COS. p,  cot.  A  .  A  .  -   i  A«    -    ^  A*  .  C08.p  .  COt.  H 

—  J  A«  A»  —  ^  A«  A>.  cos.p  .  cot.H  -  A  B  A« 

—  A  .  cot. H  .'a  +  A  .  cos.p.  A«  +§  A  A« .  cot.  H  +  B  a«  .  cos.p 

-  B  .  cot.H  .A^^  (C  -  ')  A«.  a^.  cot.H 

This  equation  is  identical.    The  terms  then  which  involve  the  same  power  of  A 
must  be  separately  =  0 :  whence  we  obtain 

1 .  COS.  p  .  cot.  H  —  A  .  cot.  H  =  0  •*.  A  =  cos.  p 

2.  -  i  -  i  A«  +  A  .  cos.p  -  B  .  cot.H  =  0 

or,  -  i  +  i  cos."  p  =  B  .  cot.  H 

.•.     B  =  —  i  sin.*  p  .  Ian.  H 

3.  -  I .  cos. p  .  -  i  A« .  cos.p  +  1 A  -  (C  —  J  A«)  =  0 

/.  C  =  i  .  C08.p .  sin.«p 

Let  us  now  substitute  these  values  in  equation  (2) 

/.  >^  =  A  .  COS.  p  -  4  sin.«  p  .  tan.  H  a«  +  i  .  cos.p .  sin.«p  .  a^  . 

To  express  ^  and  a  in  seconds  of  arcs  we  must  change  each  into  ^  .  sin.  1'^  and 
A  sin.  1";  put  now  m  =  i  sin.  1'',  n  =  J  .  sin.*  1",  and  we  get  finally 

^  =  A  .  cos.  p  -  ffi .  (A  .  sin.  p)«  .  tan.  H  +  »  .  (a  cos.  p  .  )  (a  .  sin.p)*  . 

The  arc  ^p  being  applied  with  its  proper  sign  to  the  observed  altitude,  gives  us 
the  latitude :  since  ^  =  H  —  ^  •. 

Let  us  suppose  that  on  a  certain  day»  we  find 

)  =  88°  23'  27"  p  =  18°  65'  59"  H  =  49°  2'  38" 

A  =    1°  36'  33"     =     5792''-7 


•  In  this  expremion  the  flnit  term  A  •  coe.  p  la  found  tabulated  in  the  NauUcal  Almanac  for  1834  for 
crery  ^°  minutes  of  sidereal  time,  with  a  mean  constant  ralae  of  ^ff.  The  second  term  is  giren  in  a 
table  of  double  entry,  of  which  the  argnments  are  the  ^proximate  latitude  for  erery  fire  degrees,  and 
tlie  sidereal  time  for  every  thirty  minutes.  We  may  always  take  H  for  the  approximate  latitude,  for  it 
can  ncTcr  differ  from  the  real  latitude  two  degresa.  This  second  term  thus  found  is  corrected  by  a  table 
of  double  entry,  of  which  the  arguments  are  the  sidereal  time  of  the  observation  for  every  two  hours. 
•Ad  the  month  of  the  year.  This  term  involves  A'>  Mid  as  A  is  not  rigorously  constant  throughout  the 
yeair,  Um  term  will  differ  a  litUe  in  differeat  montha.  Tha  third  teim  of  our  scries,  being  necessarily 
always  vary  ifluU,  la  atgUctad. 


\og.i^'i'7ii  8795  ...:;..  a^HtsAi 

log.  COS. p  a  ft  >83  6567  4-  %  iilL  >>*£lWWl; 

i46i'^-3'        d*146  5382+  S'fwi 

7-499  ftS  9 


log.  i.  Mn.«  .  r=ia-6940S  7-49968 

I*  .  .      ,       *       .         . 

log.  0''-35  :=  1-54915  log.  tan.  Hi=  0-06 151 


log.  i  .  sin.  I'' «  6-38454  ■ 

1'. 28^-2  1-94563 

Henoe  ^  =  a  .  cos.p    .         .  b23'  ai"-? 

-  m  .  (A  .  sin.  p)F  .  tan.  H  -  1'  28^-9 

+  n  .  (A  .  cos.p)  (A  .  sin.  p)«  .  -f  0^^-4 

21'  53*^-^ 

A  ^  =  H  -  ^  =  49°  2^  38^  -  0°  21'  54'' 

=  48*>  40'  44" 

Section  II.  Longitudes- BeHptei  qf  ^  micjtainty  it  mndhlw; 

nometer-Lunar  distances-TrannU  time  much  iwd  m  tiie  dttern^ 

0/ Moon  Culminating  Star9-^culia^  Ipngitude^    Th^  principle  ^rais  toe 

iion^Eclipses.  same  as  m  that  of  a  lunar  ec»MB:  the 

^.  phenomenon  takes  place  at  the  saoie 

I.  Wx  now  come  to  the  determinatipn  of  physical  instant;  l!qr  all  observers,  but  the 

terrestrial  longitudes,  .a  su^ect  o(  much  time  which  thejr  will  eadi  count  at  the 

greater  complexity.    It  will  of  course  be  observations  will  depend  upon  the  dif- 

understood,  that  we  onW  speak  bese  of  Utpnw  of  the  mendian,  fU^  tte  .J6Sr 

the  astronomical  methods  emploved  for  ference  of  tha.timea  vp  l)a-mcUy  jcp- 

this  purpose.     The  earliest  and  most  portional  to  thai  dinlerence^  that  is,  to 

obvious  of  these  methods  was  that  pro-  the  longitude. 

posed  and  employed  by  Ptolemy;  ia  the  The  eclipses  of  Jupiter*a.  satellites 
observation  of  lunar  eclipses.  The  phy-  (ynth,  perhaps,  the  ^ception  of  the 
sical  instant  at  which  the  moon's  disk  first)  are  not  now  much  used  for  the 
enters  or  qnits  the  earth*s  shadow,  is  of  purpose  in  question.  The  reason  is  the 
course  the  same  for  all  parts  of  the  earth  same  aa  that  wjiich  hM  eaiised  lunsr 
from  which  it  is  visible;  and  were  the  eclipses  to .1)^ .abandoned,  the  difScnUy 
observation  susceptible  of  accuracy,  it  of  determimng  exactly  the  hustant^  of 
would  be  a  good  means  of  determining  immersion  ^»r  emersion.  This  will -vaiy 
terrestrial  longitudes..  But  this  is.nojb  consideifihly. according  to  tbe  goc^ness 
the  case,  and  Uie  causes  are  sufficiently  of  the  telescope  emplpyed,  aiid  otlier  po- 
obvious.  The  penumbra  of  the  earth  ctdental  causes.  It  is  much  less  for  the 
causes  the  immersion  of  the  moon's  first  satellite,  which  perfornu-  its  sid^ 
disk  into  the  pure  shadow  to  be  a  phe-  ral  revolution  in  1  pay  18**  28%,thsn 
nomenon,  the  precise  instant  of  which  for  anv  of  the  othiers :  and  is,  on  ,the 
it  is  impossible  to  determine  with  pre-  other  hand,  it  is  eclipsed  much  nitre 
cision,  and  as  an  error  of  a  minute  in  frequently  than  the  rest;  it  is  deskmble 
this  observation  would  cause  an  error  to  confine  our  obserrations,  if  nftteiM*, 
of  a  quarter  of  a  dejpree  on  the  longi-  to  this  satellite.  ,]E{ovfeyei^the  Naatiesl 
tude,  while  in  fact  the  error  of  the  ob-  Almanac  gives  the  eclipses  for  the  first 
servation  is  necessarily  much  ^ater,  it  three .  satellites ;  the  fimrth  maves  too 
will  easily  be  understood  why  this  method  slowly  to  l)e  of  any  utility  in  such  re- 
was  soon  abandoned.  searches. 

IL  The  discovery  of  Galileo  of  the  sys-  Nothing  can  be  simpler  than  tbe  ib^ 

tem  of  the  satellites  of  Jupiter,  led  to  the  thod  of  finding  the  longitude  :by  tl^ese 

adoption  of  another  and  a  much  more  eclipses.    Let  us  suppose,  Ibr  ***fmjilft, 

accurate  method.    These  satellites  are  that  the  immersion  of  the  first  sateuite 

subject  to  eclipses  similar  to  those  of  our  into  Jupiter>  shadow  has  lieen.obsv?cd 

inoon,  but  the.  periods  of  some  of  them  6h  a  certain  day  at  7**  17™  -Wi  while 

are  juuch  shorter,  and  from  tins  cause  aao>^  <^>w«wn  iX'^pcwbtwtHi  BU  ob* 
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■erred  it  at  6*  53~  5«.    The  difference  ot  obtain  the  rate  of  the   chronometer, 

the  times  is  24"  5",  which  is  also  the  Thus,  suppose  that  on  the  26th  of  May 

difference  of  meridians;  that  is  to  say,  we  find  by  altitudes  of  Arcturus,  that  the 

the  loneitude  of  the  observer  is  24"  5  =  sidereal  time   is  19»»  48"  7',  while  the 

6    1'  15'' west  of  Greenwich.    If,  how-  watch  marks  at  the  same  instant  19*» 

ever,  there  is  no  corresponding  observa-  37"  2*,  we  know  that  the  watch  is  too 

tion  made  under  the  meridian  of  Green-  slow  1 1"  5'.    Let  us  suppose  that  the 

wich,  we  take  from  the  Nautical  Al-  next  day,  by  altitudes  of  the  same  star, 

manac  the  calculated  time  of  that  place  the  sidereal  time  is  19*»  64"  12*,  while 

at  which  the  eclipse  will  happen,  and  the  watch  marks  19»»  43"  8%  it  will  then 

we  re|^d  this  time  as  an  actual  ob-  be  too  slow  11"  4';  it  has  thus  gained  a 

servation.  second  in  the  interval  of  the  observa- 

III.  The  observation  of  the  eclipses  of  tions.     As  the  observations,  however, 

Jupiter's  satellites  being  generdly  im-  ^^^  not  24  hoiurs  distant  from    each 

practicable  at  sea,  navigators  have  l)een  other,  we  find,  by  a  simple  proportion, 

obliged  to  have  recourse  to  other  me-  what  the  gain  is  m  24  hours.    Another 

thods.    The  great  improvements  in  the  observation  on  the  28th,  compared  with 

art  of  watch-making,  principally  owing  that  of  the  27th,  will  give  us  the  gain  in 

to  Harrison,  have  caused  tne  generu  ^he  second  24  hoiuii ;  and  by  a  series  of 

adoption  of  the  marine  chronometer,  observations  of  this  kind,  we  ascertain 

It  is.  sufficiently  evident,  that  if  while  we  whether  or  liot  the  chronometer  pre- 

iure  at  a  place  whose  longitude  is  un-  serves  an  uniform  rate,  and  the  amount 

known,  we  can.  by  any  means,  find  to  ^^  t|j**  ''**®« 

whal  instant  of  Greenwich  time  a  given  "Hie  most  simple  and  exact  method  of 
instant  corresponds,  we  have  at  once  finding  the  time  at  a  given  spot,  is  by 
the  difference  of  longitudes  between  that  observing  the  instant  at  which  the  centre 
place  and  Greenwicn.  Now  t\}e  time  of  the  sun,  or  a  star  of  known  right  as- 
reckoned  by  the  observer  is  easily  deter-  censioii,  is  on  the  middle  wire  of  a  tran- 
mined  by  the  altitudes,  or  the  transits  «it  instrument  properly  adjusted.  At 
of  the  heavenly  bodies:  the.  Greenwich  U^^t  moment  the  star  ox  sun  is  on  the 
time  is  found  by  transporting  frona  meridian  j  the  right  ascension  of  the 
Greenwich  to  the  place  of  observation  a  s^i"  ^t  that  moment,  expressed  in  hours, 
chronometer  whicn  has  previously  been  *iiiinutes  and  seconds,  is  the  sidereal 
carefully  adjusted  to  Greenwich  time.  tone*..  The  instant,  of  the  sun's  centre 
If  it  were  possible  to  have  a  chrono-  bemg  on  the  meridian,  is  the  instant  of 
meter  which  should  neither  gain  nor  apparent .  noon^ ;.  but  as  all  clocks  and 
lose  in  the  least,  a  comparison  of  this  watches  are  necessarily  regulated  on 
chronometer  with  a  watch  indicating  the  mean  solar,  and  ^ot  apparent  time,  we 
time  counted  at  the  place  of  observation  must  add  the  equation  of  time  with  its 
would  be  all  that  was  necessary  for  our  proper  sign,  to  get  the  instant  of  mean 
purpose.    But  this  is  not .  possible,  nor  noon.  .        . 

IS  it  necessary;  ail  that  is  essential  is        No  method  is  e(^alf  in  accuracy,  to 

that  the  chronometer  should  either  ^n  this  method  of  transits ;  but  as  it  can 

or  lose  uniformly  a  certain  quantity  in  a  hardly  be  employed  except  in  fixed  ob- 

certain  time ;  this  uniform  gain  or  loss  servatories,  it  is  necessary ,to  adopt  some 

19  called  the  rate  of  the  chi;onometer.  other  in  the  determination  of  longitudes. 

If,  for  example,  the  chronometer  loses  Let  us  suppose  that  by  means  of  a  ^ex- 

5  seconds  daily,  nothing  can  be  more  tant,  or  other  instrument,  the  altitude  of 

easy  than  to  make  the  proper  allowance  &  known  star  has  been  taken,  the  time 

for  this  at  the  end  pf  any  given  time,  being  carefully  observed,  while  the  star 

The  rate  is  always  careifuUy  determined  is  at  a  considerable  diiitance  from  the 

before  the  vessel  leaves  spme  known  meridian :  let  us  wait  now  till  the  star 

meridian ;    but  it  is  always  desirable  bas  passed  the  meridian,  and  attains  ex- 

whenever  the  vessel  remains  sufficiently  actly  the  same  altitude  on  the  other  side ; 

long  in  any  port  to  verify  the  rate,  in  then  also  note  the  time  carefully.    Let 

order  to  be  perfectly  sure  that  it  has  not  us  suppose,  now,  that  the  state  of  the 

undergone,  any  variation,  and  if  it  has  atmosphere  has  not  varied  the  least  in 

variefC  to  determine  the  new  rate.  There  *he  interval  of  the  observations  ;  then 

are  various  astronomical  methods  which  since  the  apparent  altitudes  are  equal, 

we  shall  explain  k>elow,  for  finding  the  the  refractions  also  will  b«  «^vvd\^  ^w<^ 

time  at  any  given  moment ;  this  being  "Tim     TH     [  TT"! TT CI    • 

done  to  seven]  consecutive  days,  we  tinSu^SiSot  MwST 
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the  trae  altitudes  equal.  Butaiocethe  beafipUadwilhifapropvaiatotbaii- 
dedination  of  the  star  has  not  percep-  terval  of  the  obeanaliong.  To  find  the 
tibly  varied  in  the  interval^  true  equal  time  in  whi^  the  iter  dcieribea  a  hhI 
altitudes  will  correspond  to  equal  hour  vertical  arc,  let  ua  consider  the  two  tii-> 
angles  on  opposite  sides  of  the  meridian;  angles  ZP8»  ZPS^t  where  8  sund  V 
or»  in  other  words,  the  instant  of  the  ffjg^  59, 

8tar*s  bein^  on  the  meridian  will  exactly 
Insect  the  interval  of  the  observations, 
which  interval  is  known.  Add  then 
half  the  interval  in  question  to  the  in- 
stant of  the  first  observation,  and  we 
get  the  instant  at  which  the  star  was  on 
Uie  meridian;  and  its  right  ascension 
being  known,  we  may  get  the  sidereal 
time,  as  before. 

The  refractions  are  the  same  at  the 
same  altitude,  if  the  barometer  and  ther-  S| 
mometer  have  not  varied ;  but  as  it  is  S' 
highly  improbable  that  this  will  be  the  are  the  successive  positions  of  the  star* 
case,  we  must  intrdduce  a  small  correo-  and  the  arc  S  S'  is  very  small ;  Z  is  the 
tion  of  this  nature.  Let  r,  r',  be  the  xenith,  8  the  pole:  cm  the  hour  eng^ 
respective  refractions  calculated  for  the  p  andp',  the  latitude  p^  •'•  Z  P =90^  -f ; 
first  and  second  altitudes ;  we  may  cal-  the  declination,)  /.  PS=P 8^=90^-); 
culate  without  diflSiculty  the  time  taken  call  the  altitudes  A  and  A',  then 
by  the  star  to  describe  the  vertical  arc  Z  S  =  90°  —  A  Z  S'  =  90^  -  jb'* 

r  -  f' :  the  time  thus  calculated  must    then 

nn.  A  =  sin.  ^  .  sin.  )-}-oos.  f  •  cos. )  .  cos.  p 
sin.  h'=  sin.  ^ .  sin.  )  +  cos.  ^  •  cos. )  .  cos.  j/, 
•\  sin.  A'  -  sin.  A  =  cos.  f  .  cos.  )  .  (cos.|/  —  cos.|>), 
A  sin.  i  (V  -  A)  .  co8.i  (A'-fA)  =  cos.  ^  •  cos.  >  sin.  i  (p— jp*)  sin.  J  (p-+y) ; 
and  since  A  and  A'  differ  very  little^ 

(A'  —  A)  .  cos.  A  =  COS.  f .  cos. )  (p  — |/)  sin.  p ; 
.  ^      «        (  A^  -  A)  .  COS.  A 

••  V  '^  P  ^  Z ; — : • 

COS.  ^.cos.  0. sin.ji 

This  is  the  expression  for  the  varia-  be  observed  as  far  from  the  meridian  u 
tion  in  the  hour  angle  produced  by  a  it  can  with  convenience.  Whoi  it  u 
small  given  variation  in  the  altitude,  the  sun  which  we  observe*  it  will  be 
The  latter  variation,  in  our  particular  recollected  that  it  is  the  moment  of  en- 
case, is  the  difference  of  the  retractions ;  parent  noon  which  is  found ;  to  get  the 
substituting  this  in  our  formula,  f/  -  p  mean  noon,  we  must  apfily  the  equation 
is  known,  as  A,  p,  <p,  and  ),  are  all  known  of  time  with  its  proper  sign. 
quantities.  The  sun  is  mcHre  firequently  need  in 

This  method,  which  is  called  that  of  the  observation  of  corresponding  alti- 
corresponding  altiiudea^  is  susceptible  of  tudes  than  stars.  It  is  then  alMoluti^ 
great  precision,  when  all  the  proper  pre-  necessary  to  know  how  to  make  iot 
cautions  are  taken.  It  wiU  easily  be  proper  correction  for  the  change  in  de- 
understood  that  it  is  advisable  to  de-  clination  during  the  interval  of  tbeob- 
termine  the  instant  of  the  meridian  servations.  For  this  purpose  let  as  re- 
transit,  by  the  mean  of  several  pair  of  sume  the  equation 
observations.    The  star  should  always 

sin.  A  =  sin.  ^  .  sin.  I  -{-  cos.*^  .  cos. )  .  cos.  p. 

Supposing,  then,  in  this  equation,  I  and  p  alone  to  vary,  we  have 

d  2  .  cos.  I .  sin.  ^  =  cos.  <p  cos.  •  dp  .  sin.  p\  -}-  cos.  ^  .  cos.  pd^  ,  msL  ) 

.•.  d5(eos.  ).sin.!p-cos.<p  cos.p  .  sin.  I)  ....  =  efj>.sin.p.co8.  f  .cos.); 


•'•^^  =  ^^(S^-«>t.p.tan.)) 
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Where  dp  in  the  yariatioii  of  the  hour  tan.  ^.  or  A  ^^  tan.  ^  and  -  B  ^^  tan.  )• 
an«rle  corresponding  to  a  very  small  In  Mr.  Baily*s  astronomical  tables,  the 
variation  in  the  declination,  d%  h  the  logarithms  of  A  and  B  are  given  for 
variation  in  declination  during  the  in-  every  two  minutes  of  interval  from  two 
terval  of  the  observations.  Let  ^  be  hours  up  to  twenty-three.  We  must 
the  diurnal  variation  in  declination,  then  add  to  log.  A  taken  from  the  tables, 
(which  is  given  in  the  Nautical  Al-  log. 't/^  log.  tan.  <p,  for  the  logarithm  of 
raanac,)  then  d'i  i'^  II  half  the  time  the  first  term  ;  and  to  log.  B,  log.  '4^,  and 
l>etween  the  observations  :  24  hours,  log.  tan.  i,  for  the  logarithm  of  the 
Hence  (f  ^  is  calculated.  It  is  better,  how-  second  term :  the  difference  of  these  two 
ever,  to  take  for  '4^  the  mean  of  the  two  terms  is  the  correction.  Let  us  sup- 
daily  variations  of  the  two  consecutive  pose,  for  example,  that  on  the  1 7th  of 
astronomical  days  between  which  the  October,  1827,  corresponding  altitudes 
noon  in  question  lies.  Several  astrono-  of  the  sun  have  been  taken  in  a  place 
mical  tables  give  ready  calculated  these  whose  latitude  we  know  to  be  48^  41^ 
means,  or  rather  their  logarithms  for  The  interval  of  the  observations  is 
every  day  throughout  the  year.  When  7**  40"":  the  sun's  declination  is  given 
this  is  done,  the  whole  formula  may  be  by  the  Nautical  Almanac  -  9°  4'  15". 
easily  calculated,  by  dividing  it  into  two  By  the  same  ephemerls  >^  determined 
terms,  the  factor  of  each  being  found  by  the  mean  of  the  preceding  and  con- 
by  a  separate  table.    The  first  term  is  secutive    daily  variation  =  -  22*4"  » 

aJ  .  -:- — ;  the  second  -   di .  cot.,  p 


sm.  p 


log,  di  =  log.  1324"  -f  log.  3**  50"  —  log.  24»' 
=  log.  1324   -f  log.  57^.30' -  log.  360*^ 
=    3-12205   - 
0-58399 

3-44370 


log.  rfJ      =     1-14974- 
log.  tan.  <p=    0-05595  + 

1-20569  - 
log.  sin.  p  =  9-92627  -f- 

1-27942  — 

,^  tan.  <p  ^  .       .^ 

.'.  di.-. ^  =  -  19"0  log.  d}      =  1-14974  - 

^\    4       >  ^^^t.  ^  ,  .>•  log.tan.  i  =  9-20317  — 

-  dJ  .  tan.  3  .  cot.  P  =  -    1  4  log.cot.p  =  9-80314  + 

.•.  whole  correction  =  —  20*4  0-15605  + 

-  dl .  tan.  3 .  cot.  p  -  i*-4 
The  semi- interval  =  3*»  50™  0 

Correction  =   -         20*4 


Corrected  semi-interval  =  3**  49"  39'-6 


According  to  this,  the  watch,  at  the 
first  observation,  should  have  indicated 
12  hours  —  3**  49""  39"  6  =  8**  10°'  20^4. 
Suppose  it  really  indicated  8^  6"  3*, 
then  we  perceive  that  it  must  have  been 
43™  36' -4  too  slow. 

The  time  may  also  be  found,  though 
vrith  less  accuracy,  by  a  single  altitude 
of  a  star.  But  in  this  case  it  is  neces- 
sary to  select  the  moment  when  the  star 
changes  its  altitude  most  rapidly  in  a 
short  given  time.  We  know,  by  what 
has  preceded*  that  its  rari&tiott  of  alti- 


tude is  least  when  near  the  meridian :  it 
is  easy  to  show  that  it  is  greatest  when 
near  the  prime  vertical,  that  is,  when  its 
azimuth  is  90^  coimting  from  the  meri- 
dian. Let  ?  be  the  zeniih  distance,  J  the 
declination,  <p  the  latitude  of  the  ob- 
server,/?  the  hour  angle,  then 

^^^'  S  -  sin.  <p  .  sin.  J 

COS.  p  = — 

cos.  <p  .  COS.  i 

(/p.sm,  p=  — ^^ ^ 

COa.<^  .Cvi^.  • 


Nowcftll  the  angleP  Z  9*  which  it  fhfi    oetsary  to  knoir,  nqj;  m^  the  btiMft 
azimuth.  A,  of  the  plaee  ofobtorvalloii,  pot  alto 


sin.  A  .  sin.  ^  =  sin.  p .  cos.  h  approzunaie  Value  of  (he  lonsitude.  u 

;//  tKit  Ittte^  it  neMMiy,  m  order  for  cd- 

.'.  dp  = : — -  ciilate  the  dcclinatibii  |br  th^  momciit 

COS.  f.  sin.  A  inquertion.    Tliitlf  more  pvtfc^^ 

y  =  COS.  (p  .  tin.  A.  5^^  H  ™?  *n.  whoti  ^  mo- 

dp  fion  ih  aeeljnatton  is  to  considerable. 

^  {  Weare  lUcewittf  obfind  fbr  theiuilto  cor- 

But  —  repretentt  the  variation  of  the  rect  the 'Apparent  tinilade  obieriied,  not 

•*uf-^               %.  ^*-        *u-        '  only  for  reniustion,  but  parttef.    Hiit 

f enith  distance  ma  thort  time ;  this  van-  j,  S„„ecegsai7  for  JTupitw  anTSatOra. 

ation,  then.  wUl  be  gr^ettivhen  tm.  A  ^i^^te  pa^Iaxet'  are*^  intentible.'  Ve 


P  7    .     .imc  «iiu  3UUIWC..I  a«,ur«,jr,  «  q,.^  ^y^^^i  It  WOW  COnVdlieAtt   m  -ttMf 

".  1?*  w.^^*^  ^^^^  *  ^H?  ?£  "*  ®I  olwwv*  alternately  the  upper  and  lower 

eiKht  altitudes  verr  near  each  other,  and  ^^^ .  u^^^  the%„^  ^2i  mit  noni^ 

then  to  consider  the  mean  of  the  alti-  ^  ^f  6bservatioflt  tb^  teml-^tteterk 

tudes  as  correspondm^  to  the  mean  of  eliminated  when  we  eoitfft'to  tlkeilie 

all  the  timet  of  observation.    Knowing:;  in^ijn^-                                ^  •-. 

then,  in  the  triangle  Z  P  S,  the  three  j^  ||-  ^  gg  ezaraDle.  lUDDOti  UmI 

sides  Z  P,  Z S,  and  PS,  we  determine  ^i^  four  following  zenith  dtSKt  of 

the  angle  at  P.  or  the  hour  angle  by  the  ^^  ,„„.,  „^^  ^^  ,^^„  li„l^  ^^ 

miial  trigonometrical  formulae  ;   caU.  been  observVS  alternately,  and  that  their 

for  example,  these  three  sides  I.  {.and  ^^^  J^^H^  lO'  22":  and  let  the  kti- 

j:,  respectively;    then  puttmg  2  A   =  tud«  of  the  place  be  4^  4^  fiO*':  tup- 

'  +  s  +  Ajt     pose  the  mean  of  the  four  instantt  of 

p            /8in.(^-0.8in.(A-;^;)  ?^^f}^onio  he  y**  30-  37^6.    This 

tan.-^  =  A  / : — jr" — 71 5T~"  "  *^*  time  toy  the  watch,  and  therefoit 

2       A^        sin.  A.  sin.  (k  -  C)  mean  rtme :  add  to  it  the  equation  of 

We  may  of  course  employ  the  alti-  time  3*  7*  to  pet  the  true  time  of  ol>ter« 

tude  of  the  sun  or  a  planet  instead  of  vatlon  =  7°  33'  44''*5. 

that  of  a  star :  but  in  this  case  it  is  ne-  ~     * 


/ 


0     t     n 

4  zenith  distances 

=  252  le  22 

ith 

Refraction  —  parallax 

=     63     2  35*5 
«r             I  46-4 

f     =     63    4  21-9 

Co-latitude  =  4 

North  polar  distance  of  the  sun's  centre 

=     41     9  10 
=:  X        =     74  36  18-2 

.'.   2  k-. 

=  C  +  ^  +  >;  =   178  59  fip-1 

••.  *  =     89  29  55-0 

k  "  4  =     48  20  45-0 

*  -  ;t:  =     14  53  36-8 

h  -  i=     26  25  33'1 

.'.  lofi^.  sin.  (A  -  ^)  = 
log.  sin.  (*,—  x)  = 

9.8734194 
9-4099075 

log.  sin.  k         =  9.9999833 
log.  sin.  (A -5)=  9*6483980 

9-2833869 
9-6483S13 

9'6483813 

9-6360056 

log.  tan.  ^ 

9-8175028 

33  18  5  s 

h    m 
2  13 

12*3 

h   m     • 

.\p  =  4  26  24-6 

Complement  to  12  hours                     =  7  33  35*4 

This  is  the  time  that  the  watch  should  acceleration  of  the  fixed  stars  on  the 
have  marked  at  the  mean  of  the  obser-*  sun,  which  acceleration   =  3"  55i-91. 

vations,    while    in    reality  it    marked  Suppose,  for  example,  9th  June,  Arctu- 

7h  33«  44..5  .  it  is  then  9'-l  too  fast.  ru»  attains  a  certain  altitude  at  8**  33" 

Thesun*s  declination  and  the  equa-  17«;  and  on  the  14th,  the  stai^  attains 

tion  of  time  are  piven  for  every  day  at  the  same  altitude  at  8*"  7'  3^ '  Then 

noon  at  Greenwich:  knowing  approxi-  . 

mately  the  longitude  of  the  place  of  i       ,.-            .        ,             m      ■ 

observation,  we  find  to  what  time  at  \      a»««rence  m  5  days  =  16  14 

Greenwich  7^  30™  corresponds.     Sup-  d                       in  1  day    =     6  14-8 

pose  the    approximate    longitude    22®  \      Constant                   =     3  55*9 

30'  W. ;  then  7»^  30™  corresponds  to  9»»  1      Watch  loses  daily             i  18*9 
at  Greenwich.    To  find  the  sun's  decli- 

nation  and  the  equation  of  time  at  that  ^f  the  watch  went  exactly  by  mean  solar 

moment,  ind  how  much  each  of  these  time,  it  ought  to  lose  daily  3*  55«'9  on 

quantities  vary  in  24  hours :  ^th  part  sidereal  time :  it  really  loses  5"  14*8. 

will  l)e  their  variation  in  one  hour ;  and  The  difference  between  these  quantities 

nine  times  that  the  variation  in  nine  then  is  its  real  diufnal  loss. 

hours.    Apply  this  variarton  with  tH^  IV.  Having  now  sufficiently  explained 

proper  sign  to  the  declination  at '  noon,  how    to   determine   the    longitude  by 

and  to  the  equation  of  time,  we  shall  means  of  the  tshironometer,  we  now  pro- 

|iave  these  quantities  for  the  instant  of  ceed  to  examine  the  other  methods  most 

observation.    Suppose  our  observation  generally  in  use.    In  the  first  rank,  iri 

made  on  the  2nd  of  May:  by  subtract-*  P®^"t  of  general  utility,  iff  the  method 

ing  the  declination  as  given  iot  Green-  Of  lunar  distances.    The  original  prin- 

wich  noon  on  the  2nd,  from  that  for  ciple  of  this  method  is  identical  with 

Greenwich  noon  on  the  3rd,  we  get  the  Ihat  of  lunar  eclipses,  of  the  occulta- 

diurnal  variation,  and  ^^th  part  is  the  ^io^is  of  Jupiter  s  satellites,  and  so  on. 

horarv  variation:  suppose  we  find  this  1*he  object  is  to  find  some  celestial  phe- 

=  44"-5 ;    then  nine  times  the  horary  nomenon  which  shall  servie,  as  it  were, 

variation   =  440"*5  =  7'  20"-5.      Sup-  for  a  signal,  which  may  be  observed 

pose  at  Greenwich  noon  the  declination  under  different  meridians,  and  by  which 

was  15°  16'  21  "'3;  then  at  nine  hours  the  two  observers    can  compare  the 

it  will  be  15°  23'  41  "-8.  times  they  reckon  at  the  same  physical 

When  we  wish  merely  to  determine  instant.    Nor  is  it  necessary  that  the 

the  rate  of  a  watch  or  chronometer,  and  pheriomenon  should  be  observed  under 

not  the  absolute  time,  it  is  sufficient,  hoth  meridians :  the  hour  at  which  the 

having  taken  the  altitude  of  a  star  not  phenomenon  must  happen  may  be  cal- 

far  from  the  prime  vertical,  to  observe  culated  for  one  of  them,  and  observed 

some  days  afterwards  the  moment  at  &t  thci  other:  the  comparison  of  the 

which  it  comes  to  the  same  altitude,  observed  time  at  one,  with  the  calculated 

In  this  time  the  changes  of  apparent  time  at  the  other,  will  t>e  sufficient.    It 

place  produced  by  aberration,  preces-  is  evident  that  there  is  only  one  particu- 

ftion,  and  nutation  will  be  quite  inseh-  l&r  instant  at  which  the  moon  can  ^e  at 

sible ;    and  consequently  at  the  same  f^  certain  distance  from  any  fixed  star* : 

sidereal  time  the  star  will  return  to  if  we  ascertain  then  at  any  moment  this 

the    same    altitude.   Allowance   how-  distance,  and  if  we  determine  from  the 

ever  must  be  made  for  the  changes  tables  what  time  was  counted  at  Green- 

of  the  atmosphere  in  the  mean  time  ^ioh  at  the  moment  she  had  the  same 

both    in    temperature    and    density :  difference,  the  longitude  is  found  ex- 

these  changes  must  l>e  allowed  for  in    

the  manner  which  has  been  previously  ~ 

explained.     When  the  watch   or   chro-  *  The  reuon  why  the  moon  alone  it  employed 

nometer  marks,  as  is  very  usual,  mean  iL*liS^  "^Tm /*Kli**Xi  *?  *"'  T*'°"-   '° 

,       .-           .    •                      '  •      11  -^  •    J  coneeqnence  of  Uils,  ner  distance   changes   to 

■Olar  time,  it    is   necessary  in   this  kmd  rapidly,  that  there  is  moch  less  uncertainty  about 

of  observation   to    allow  for  tb«  daily  ^*  pr«cUf  momeot  corresponding  to  •  gifco  dls- 
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adly  as  in  the  ease  of  the  eelipset  of  effeets,  it  if  MeeMuy  fo  neuan  Iki 

Jiipiter*s  satellites.    The  problem  then  apparent  altitudes  both  of  the  mooa 

divides  itself  into  two  parts;  first,  to  and  star.    Suppose^  m  the  aphericsl 

ascertain  the  distance  of  the  moon's  2^  ^^ 

centre  from  one  of  the  principal  planets  ..* 

or  fixed  stars  at  a  certain  moment;  " 
secondly,  to  find  the  Greenwich  time  to 
which,  according  to  the  tables,  that  dis- 
tance corresponds. 

The  first  part,  namely,  the  observa- 
tion of  the  distance,  requires  some  cor^ 
rections,  which  we  proceed  to  explain. 
We  begin  by  obsenrins:  consecutively, 
and  with  as  little  interval  as  possible, 

four  or  six,  or  even  sometimes  eight,  ^l 

distances  from  the  star  to  the  nesSest  ^                    '• 

part  of  the  moon*s  limb,  noting  at  each  triangle  Z  M'  S'.  Z  to  be  the 

observation  the    corresponding  time :  M'  the  obwrved  plaee  of  the  mocsfft 

we  take  the  mean  of  all  these  distances  centre,  8'  of  the  star :  M'  S^  the  ob- 

and  consider  it  as  answering  to  the  served    distance.      Suppoae  the  tne 

mean  of  all  the  times;  we  thus  get  |^aee  of  the  moon  corrected  for  psnlnc 

a  single  distance  correspondins:  to  a  oer-  — ^refraction  to  be  at  M»  and  that  of  the 

tain  known  instant  of  time.  We  add  the  star  corrected  for  refrartlon  to  be  at  8 ; 

apparent  semi-diameter  to  get  the  ap-  then  If  8  will  tie  the  true  distaMe 

parent  distance  from  the  star  to  the  which  we  wish  to  find.    Now.  snwe  te 

moon*s  centre,  and  we  have  from  this  apparent  altitudes  h  and  k^  hwe  htm 

to  find  the  true  distance.    The  star  is  observed,    Z    M   «=  9(P    -   il^    vd 

devated  by  refraction,  the  moon  is  ele-  Z  8'  «=  90^  -  V  are  known,  and  Z  M^ 

▼ated  by  refiraction,  and  depressed  l>y  Z  8  may  he   found  by  ealetdatifli: 

parallax :  to  allow  for  these  combined  M'  8's  a'  has  l>een  obserred.    Now 

»  «^  oi      co«-  a'— sin.  A.  sin.  A' 

COS.  Z  M  S  =  r r 

cos.  A.  COS.  h 

But  calling  M  S,  a 

_  _  _  -,      COS.  A  -  sin.  H.  sin.  H' 

COS.  Z  M  S  =  ., ,,.  ««»» 

COS.  H.  COS.  H' 

H  and  H'  are  the  true  altitudes 

COS.  a'— sin.  A/sin.  A'  cos.  ^  -  sin.  H.  sin.  H' 


•  • 


cos.  A.  cos.  h'  COS.  H.  cos.  H' 


cos.  a'— sin.  A.  sin.  A'      cos.  a  —  sin.  H.  sin.  H' 

COS.  A.  COS.  h'  COS.  H.  cos.  U' 

COS.  A^+cos.  (A  +  AQ  _  cos,  a  +  cos.  (H  +  HQ 
cos.  A.  COS.  A'         "         COS.  U.  cos.  H' 
To  simplify  the  expression,  put  A  -{-  A' -|-  A'  =  2  m 

«  ^    r         ^  rx        2.  COS."  — - —  -  2  sin.*-r- 

2.  co^.  m.  COS.  (m  —  A  )  2  .2 


COS.  A.  COS.  h'  COS.  H.  cos.  H' 

COS.  H.  COS.  R 
cos.  A.  COS.  h' 


...                •  1  >»»   I  »Ttv       COS.  H.  COS.  H' 
sm."  i  A  =  COS.*  i  (H  -[-  HO t— — r?-.  cos.  m.  cos.  (us  —  a*) 


•  l+co..A  =  8co».«.-|- 

I  -  cot.  B  =   S  tin."    

H 

A  B 

.• .  coi.  A  +  cot. B  =  S cot".— —  S tin." — 

a  S 


XII.  i  «J  ASTRONOMY.  g25 

To  put  this  equation  in  a  fonn  adapted  for  logarithmic  eomputation.  take 

/  COS.  H.  COS.  H'  ~* 

sin.  ^  =  V     COS.  h,  COS.  V  '  ^^'  ^'  ^Q''  <^  --  ^ 

COS.  i  .  (H  +  HO 
.•.  sin.  4  A  =  COS.  i  (H  +  HO.  cos.  f . 

The  process  then  is,  first,  to  correct  the  as  we  have  done,  the  moon's  variation  of 

observed  altitudes  for  parallax  and  re-  distance  in  three  hours  uniform :  and 

fraction,  in  order  to  pet  the  true  alti-  consequently,  instead  of  interpolating  as 

tudes.    Knowins:  H,  H',  /«.  A'  and  4,  ^e  have  done,  we  must  take  into  account 

we  calculate  2  m  =  A4-A'  +  ^:  then  the  second  differences.    To  comprehend 

the  auxiliary  arc  ^,  and  lastly  a,  or  the  the  principle  on  which  this  is  done,  we 

true  distance  by  the  equation  just  eiven.  must  refer  to  the  theory  of  finite  differ- 

It  is  unnecessary  to  observe,  that  in  ences,  which  teaches  us  that  if  we  call  the 

taking  the  distance  from  the  moon  to  a  first  difference  between  the  two  distances 

planet,  we  must  add  the  planet's  semi-  A',  the  difference  between  the  first  dtf- 

diameter  to  the  observed  distance.  ferences  or  the  second  difference  A*t 

The  operation  we  have  just  explained  and  so  on,  then  that  the  distance  at  any 

is  technically  called  clearing  the  dis-  time  t  from  the  nearest  value  in  the 

tance.    When  this  is  done,  we  turn  to  Kphemeris  is  equal  to  that  nearest  value 
the  Nautical  Almanac,  which  gives  us  t  f  (/_3h^ 

for  every  three  hours  the  distance  of  the  + --j;.  A' +  — ii»»~"^*  •  •  •  •    We 

moon's  centre  from    the    four   larger  ...  ,  ,  ,.«. 

planets  and  the  principal  fixed  stars,  shall  suppose  the  second  differences  con- 

and  we  look  for  the  greater  and  less  ***"/;  in  this  case  the  third  differences 

Ihan  that  which  has  been  observed:  ?^"'''*\'  ^r  A»  =  0;  our  series,  then,  is 

we  find  the  change  of  distance  in  three  "™»^«a  to  the  three  first  terms.    Put  4 

hours;  and  hence  by  interpolation  the  _    *       ^      t.it-S^)  . 

moment  of  Greenwich  time  which  cor-  ""  "jn-  ^    +  — j^h — •  ^*»  *"®"  '  **  ^"® 

responds    exactly  to  the  distance  ob-  ,.«.  ,   ,  ,.  ^   ,.  , 

served.    If  we  suppose  the  variation  difference  between  the  nearest  distance 

of  distance  in  the  interval   of  three  ^"  ^"f  almanac,  and  that  actually  ob- 

hours  to  be  uniform,  this  interpolation  l^^^^'     ^  ^t f^""^,  ^y  taking  the  two 

offers  no  difficulty,   as  it   is   accom-  d^jances  in  the  table  immediately  prc- 

plished  by  a  simple  proportion.    Sup-  f«^»P5  »"^  following  the  nearest    sub- 

pose    the    distance    observed    to    be  tractmg  the  first  from  the  second,  and 

41^  2'  3",  and  that  the  Nautical  Alma-  the  second  from  the  third,  or  the  reverse, 

nac  gives    the    distance  at    6   hours,  and  then  putting  A'  equid  tothesumof 

39©  44/  .26"-  at  9  hours  41°  29'  6"*  the  two  differences  thus  obtained  divided 

then  the  difference  1°  44'  40"  is  the  p^  ^Jl^'?:     ^*  "  *^f  ^[ff^«?c«  oi  these 

change  of  distance  in  3  hours:  sub-  two  differences :  all,  then,  is  known  in 

tract  from  41°  2' 3".  the  next  smaller  our  equation  but  *.    We  obtain  from  it 

distance     in     the     Nautical     Alma-  t i 

nac,    39°  44'  26";    the  difference  is  "Jh  "•  a'—*  a" +4  A*  ^ 

1°  1 7'  37".  We  have  then  the  proportion  „  ^  ,  '^       .  * 

1°  44'  40"  :  3*'  "  1°  17'  37"  •  the  *^  ^®  ^^^®  *®   neglect    At   we   get 

time     required     *  Hence     this   'time  ^  ^  ^  ^hich  is  the  same  thing  as 

1    44  40  A 

"^  ^**  1°17'37"-    "^^  Nautical  Alma-  j^ppo^ing  the  variation  of  the  distance 

nac  gives  us  the  proportional  logarithm  uniform,  and  is  in  fact  the  process  we 

ofthe  numerator  2343  :  thepropoitional  have  already  followed  in  our  example, 

logarithm  of  the  denominator  is  6021 :  To  correct  the  result,  substitute  in  the 

ili«  difference  =  3678  corresponds  to  denominator  this  approximate  value  of 

2'*  24°  18i,  which,  added  to  6  hours,  t;  and  then  calculate  *  over  again  by  the 

gives  S^  24™  1 8*  for  the  Greenwich  time,  formula  we  have  just  given, 
corresponding  to  the  moment  of  obser-       The  best  practical  way  of  proceeding  is 

▼ation.      Suppose   the   observer    had  to  employ  the  table  ofthe  correction  for 

counted  at  this  instant  8»*  3™  7%  the  second  differences  in  the  Nautical  Al- 

longitude  is  2 1~  1 1 ,  W.  manac  in  the  following  ni%.^  .  \w  \\v^  «tL- 

It  ist  however,  often  productive  of  ample  we  have  a\TesdS^Y««»5«ivsA^«v^x^ 

▼ery  conanderabie  inaccuracy  to  suppose,  the  appTOidio»t«  ^tlu^  ol  t  Va  ^^  ^^^""^  '^'^  • 
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The  proportional  loorarithm  of  6^  is  2355,  the  radiut  df^  which  mtl&ei  with  the  ho- 
of 9i>  2.'i43 ;  the  difference  is  12 :  entering  rizon  the  angle  i 
the  table  of  second  differences  with  12  at  s:  if  (1  ^  sin.*  ^) 
the  top  of  the  column,  and  2**  20"  at  the  =  rf  _  -  an.t  ^. 
side,  we  eet  for  the  correction  2* ;  since  *     «i-              *•       • '          i- 
the  proportional  loparithmi  are  decreoM^  A»   he  correction  in  question  is  very 
ing  the  correction  is  to  be  added,  and  ™^ :  >^  «  not  necessary  to  knowj  very 
we  obtain  for  the  correct  moment  of  ^^^^^^^^^  J"^.  mdeed.  except  within  10 
Greenwich  time  corresponding  to  given  ^^^^  ^^  the  horaon,  this  correclion 
lunar  distance  8**  24"*  20*  *  «^  be  neplected  altogether. 

When  the  proportional* logarithms  de-  However,  in  estimating  the  moon-f 

crease,  A«  is  positive,  and  the  correction  »??»«"/  semi-diameterit  is  quite  neces- 

is  positive :  it  is  negative  in  the  contrary  f .^''^  *°  <»^«  »Pl<>  afco""*  the  augmenta- 

case.    It  may  be  as  well  to  remark,  that  *'on  produced  by  her  altitude  above  the 

the  pro|)ortional.  or,  as  I  hey  are  some-  horizon.    This  subject  has  already  been 

times  called,  logistic  logarithms,  are  in  f'^^m'^^tJ '?  the  note  to  page  61  ;  and 

this  case  the  logarithms  of  the  fraction  Jr  ^*P™*"°"  ^^\^^^  augmentation  » 

31,  lliere  given:  we  shall  only  observe  here 

— ,  and  are  given  in  tables  for  every  that  it  may  l)e  found  tabulated  in  the 

'.     .        ,           ,    .     .  ,    .          ,  limar  tables,  and  several  astronomical 

minute  and  second  of  /,  t  bemg  a  frac-  ^vorks 

tion  of  3  hours:  of  course  when  t  =  i^  Lastly,  we  may  observe,  that  when  a 

log.  21  =  Q,  sextant  is  employed,  and  partieulariy  at 

^*    t         *  sea,  that  it  is  difficult  to  observe  the  ahi- 

When  the  sun  or  moon  or  both  are  tudes  of  the  two  bodies  with  much  pre- 

observed  near  the  horizon,  it  is  necessary  cision :    besides  this    method    requires 

to  make  a  correction  on  the  semi-dia-  three  observers,  one  for  the  altitude  of 

meter.    Since  refraction  acts  in  a  ver-  the  moon,  a  second  for  that  of  the  tun 

tical  plane,  it  will  elevate  the  upper  limb  or  star,  and  a  third  for  the  distance.    It 

of  the  sun  or  moon  less  than  the  lovver,  is  then  in  many  instances  preferable  not 

so  as  to  give  the  disk  the  form  of  an  el-  to  observe  but  to  calculate  the  altitodfi 

lipse.  Ttie  vertical  semi-diameter  in  con-  of  the  two  bodies.    This,  it  is  true,  ^^ 

sequence  will  not  have  the  name  value  quires  a  knowledge  of  the  longitude, 

^s  the  horizontal  semi-diameter,  andtiie  which  is  what  we  are  seeking,  but  prac- 

differently  inclined  semi-diameters  will  tically  it  is  always  known  auproximateif, 

have  different  values  according  to  their  and  the  error  oii  the  calculated  altitude 

inclination.     As  the  star  is  generally  w'ould  probably  le  less  than  the  inevi- 

brought  into  contact  with  the  moon's  table  error  of  the  observation.  Calling  < 

disk  at  the  extremity  of  an  inclined  semi-  the  hour  angle,  )  the  declination*  ^  the 

diameter,  it  is  necessary  to  know  how  latitude,  a  the  altitude, 

to  correct  this  source  of  error.    The  «;„  „-.«;„  4,  nnc  i«nn«  «  .in  1  «w»  •• 

*  r  1                 «i_    u  -:    _«  1     L  •m. a = Sin. ». COS.  •—COS. a. Sin.  i,cof.9t 

tables  give  us  the  horizontal,  whereas  we  ^            -*'*^r» 

wish  to  know  the  inclined  semi-diameter,  when  a  has  been  calculated  by  this  for- 

Generally  let  a  and  a'  be  the  true  altitudes  "tola,  we  must  apply  the  proper  contfr 

of  the  upper  and  lower  limb :  r  and  /the  t*^"  ^^r  refraction  according  to  the  exiit- 

corresponding  refractions ;  then  a  +  r,  ing  state  of  the  atmosphere,  and  also  the 

d  +  r'will  be  the  apparent  altitudes:  correction  for  parallax,  to  the  moon,  in 

their  difference  a  -  a*  -  {r  ^  r^)  will  be  order  to  get  the  apparent  altitude. 

the  vertical  semi-diameter  =  2  {d  —  ()  We  shall  conclude  this  subject  with 

calling  d  the  horizontal  semi-diameter,  ^^e  following  example  of  clearing  the 

and  putting  r  -¥  r*  =  '1  z.     The  disk  distance  by  the  formula  above  given. 

will  have  the  form  of  an  ellipse  whose  ^^^^  "^  suppose  that  the  distance  of 

•emi-axes  are  d  and  rf  —  ^.    The  com-  l^>?ulus  from  the  moon's  centre  his 

rf  -  p       #  been  observed  at  14'*  59"  59'-7.  and  that 

pression  /»  =  1 j--  =  -^.     Hence  it  was  58°  25'  36" ;  and  that  the  calcu- 

lated  apparent  altitudes  of  the  star  and 

.0,      .,        ...      ',', moons  centre  at  that  moment  were  70* 

•  Since  Uie  variation  of  the  proportional  loga-  ^*t  «/'   .t.^     tuO  a/  Anh        u«i      IL      / 

ritbmt  !•  rery  tmaU,  U  may  be  luppuwd  proper.  ^^ .  ^ ,  *"<»  ^**    0' 49",  while   tbc  tree 

tional  to  the  tint .  altitudes  were  70°  33'  49'\    and   48^ 

40'  38",  respectively. 
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j        =     59    37  13-5 
log.  COS.  i  (H+H')  =  9-  7039156 


ASTRONOMY- 


227 


4   =  58**  25'  37" 

A  =  48      0  49    .*.  log.  COS.  =  9*8253962 

h'  =  70    34     9         log.  COS.  =  9-5220119 


log.  COS.  ^       =9-9801947 

177 

m  =  88 

0  34 

log.  sin.  ^  A     =9-6841103 

30  17 

—  =  28°  53'  36" 

m  -  ^  30 

4  41 

A  =  57  12  12*4 

H  t::  48 

40  38 

H'=  70 

33  49 

—  9-3474081 

log.  COS.     8 '4165499 

log.oos.     9*9371885 

log.  COS.     9*8197415 
log.  COS.     9-5221313 

18-3482031 


We  owe  the  formula  for  clearing  the 
distance  which  has  been  given  above  to 
the  Chevalier  Borda,  a  distinguished 
French  navigator  and  astronomer,  and 
it  iMually  bears  his  name :  it  is  the  most 
simple  of  all  the  accurate  formulae  which 
have  been  proposed  for  this  purpose. 
But  it  is  found  veiy  useful  in  navigation, 
to  employ  aipproximate  formulae,  which, 
thougn  not  mathematically  exact,  are 
sufficiently  true  for  practical  purposes, 
and  at  the  same  time  possess  the  ad- 
Cos.  H  •  cos.  h' .  cos.  A  -  COS. 

+  \ .  sin. 

+  i .  sin. 

In  this  expression  the  two  last  terms 
sre  always  very  small,  and  may  both  be 
taken  without  mterpolation  from  a  small 
tsble,  such  as  that  which  follows. 

Expressing,  a^  we  may  always  do, 
H'  -  V  and  H  -  A  in  minutes  of  de- 
grees, instead  of  their  sines,  we  have 
Cfily  to  tabulate  the  value  of  4  •  ^  •  sin. 
1^  for  all  the  values  of  x.  Thus,  for 
ijde. 


X 

i  .  rr  •  sin,  1^ 

9 

179** 

178** 
177** 
176** 
175** 

etc. 

1« 

20 

30 
40 
5** 

etc. 

0-000002538 
0-000005076 
0-000007612 
0*000010146 
0-000012676 

This  table  should  be  calculated  for 
every  ten  minutes  up  to  a:  =  90**=  180*, 
and  tben  no  interpolation  mil  be  re- 
quired.  The  tecoaauid  third  tframnxt 


1  =   9-1741016 

/H  -f  H'x 
log.  cos.  (^ ^- j    =  9-7039156 

log.  sin.  ^   =   9*4701860 
.-.  (p  =  17®  l0'20"-6 

vantage  of  a  form,  thai  permits  their 
being  put  into  tables.  It  is  unneces- 
sary to  insist  upon  the  advantage  of 
this,  'not  merely  to  navigators  destitute 
of  mathematical  knowledge,  but  often  to 
scientific  men,  when  the  number  of 
observations  that  they  have  to  reduce 
is  considerable.  One  of  the  most  ac- 
curate and  convenient. of  these  formulaB 
is  the  following,  due  to  Simonoff,  a 
Russian  astronomer. 
Adopting  the  same  i;iotation  as  before, 

H  .  COS.  H' .  COS.  D' 
(H  +  A).sin.(H'-^«') 
(H'  +  A') .  sin.  (H  -  h) 

found  b^  this  table,  entering  it  with  the 
values  of  H — A  and  H'  -  M  respectivel)r ; 
the  first  must  be  calculated  trigonometri- 
cally ;  and  then,  as  well  as  the  other  two 
terms,  divided  by  cos.  h  .  cos.  h',  to  get 
the  value  of  cos.  a,  the  cosine  of  the 
real  distance. 

We  might,  and  this  would  be  rather 
more  accurate,  construct  for  the  two 
latter  terms  of  our  expression,  a  table  of 
double  entry;  the  argument  at  the 
head  of  the  table  would  do  for  either 
H'  -  h\  or  H  -  A,  and  should  be  car- 
ried up  to  62'  or  63',  the  utmost  amount 
of  parallax  combined  with  refraction. 
The  argument  down  the  table  would  do 
either  for  H  +  H'  or  A  +  h\  and  should 
be  carried  up  to  90^.  The  table  may  be 
constructed  for  greater  or  less  intervals 
of  space,  according  to  our  desire  of  ac- 
curacy, and  wish  to  avoid  interpolation. 
We  may  farther  remark,  that  if  such  a 
table  be  wanting,  the  two  \a\\ffic  X.^ttca 
may  ht  calcmaled  \T\^OTioTDL<^Vtv^'«^l* 
Lastly,  ne  «Yia}\  obsene  VWV  ^^  Vst- 
niulais«BeiActfiA\:ti«Xol^oT^^  . 
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Let  us  take  the  fonowing  example  :— 

a'  =  36**  50'  22" 

h'  =  26    47      4 
H'  =  26 

h    =.24 

H  «  25 
H  + 


Hence  we  get 


45 
33 
20 

A  =  + 

H  -  A  =  + 
H'  +  A'  =  + 
II'  -  A'  =   - 


16 

44 
38 
490 

0 

53 

0 


54'  22" 

46  54 

32  20 

1  4S 


Coiwequenlly      log.  w.  a'  =  9-9032630 


9*9560507 
9*9508242 


log.  COS.  H    = 
log.  COS.   h    =s 

9-8101379 

Log.  sin.  (H  +  A)   =   9-8836558  + 
Log.  sin.  (H'+  A')  =  6.7189986   - 

6-6026544    - 

Log.  J     =  9-6989700   + 

6-3016244    - 

Log.  sin.  (H'  + A')  =9-9053957  + 
Log.  sin.  (H    -  A)  =  8-1348855   + 

Log.  i  =  9-6989700   +     ; 


First  term  tz  +0*64db9. 


Second  term  =  -  0*00020. 


7-739252J  -f  Third  term  ^  +  0*00549. 

Sum  of  the  three  terms  =  0*65115 


Log.cos.A  =  9-95880771 
Log.COS.A'  =  9-95070961 


Log.   sum  =  9-8136778 
9-9095173 


9-9095173 


log.  cos.  A  =  9*9041605 
.".     A  =  36°  40'  50" 


vhich  is  exactly  what  is  given  hy  the  formula  of  Borda*. 

By  Transits  of  the  Moon  and  Moon-  ^  second  observer,  at  a  placse  whcwlofl- 

culminatinir  Stars.  P*"^^  is  unknown,  observes  the  nderMl 

time  of  the  same  phenomenon  on  nil 

liet  us  suppose   that  one   observer  own  meridian.     Were    the  nooon  im- 

under  the  meridian  of  Greenwich  ob-  moveable,  each  observer  would  eouDt 

serves  the  sidereal  time  at  which  the  exactly  the  same  instant  of  sidereal  time 

moon's  centre  is  on  the  meridian,  while  when  the  moon  was  on  the  iiieiidiao» 


*  To  demonstrate  the  formula  of  Slmonoff  for  clearing  the  dltftance,  we  mntt  recnr  to  the  fifsrr  i> 
page  2i.    Calling  the  angle  at  Z.  i,  we  have,  by  the  faudamental  equation  of  aphrricfti  trigonoowirf, 
coji.  A  =  «>n.  H  .  «ln.  H'  +  ros.  H  .  cos.  H' .  co».  f 
coa.  A'—  t»in.  h  .  uln.  A'  -{-  cos.  h  .  coa.  hf  ,  cos.  fi 
.*.  COS.  h  .  COS.  h'  .  COS.  A  =  COS.  H  .  cos.  H' .  cos.  A'  +  "In.  H  .  sin.  B' .  cos.  h  .  coi.  A' 

^  COS.  H  .  COS.  H' .  sin.  h  .  sin.  A' 
=  COS.  H  .  COS.  H'  .  COS.  A' 

+  J  {  sin.  (H  +  A)  4- sin.  (H- A)  }  {stn.lH^ -|-V)  +  tia.  (H^- 4')} 

-y  {  sin.  (H+A)  -  sin.  (II  -  A)  }  {sin.  (11/+ V)  —  riii.  (H'-V;} 
=  COS.  H  .  COS.  H'  COS.  A' 
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for  the  sidereal  time  of  transit  is  the  dif-  or  the  limb,  which  in  both  cues  is  ec^ui- 
ference  in  time  between  the  transits  of  distant  from  it.  If  the  two  places  which 
the  moon  and  the  first  point  of  Aries,  are  compared  are  not  too  fisr  distant  from 
or,  in  other  words,  it  is  Ine  right  ascen-  each  other,  the  variation  of  the  semi-dia- 
sion  of  the  moon  :  consequently,  did  the  meter  in  the  interval  will  be  insensible, 
riphtascensionrcmaininvariable.thetwo  But  if  this  be  not  the  case,  it  is  necessary 
sidereal  times  of  which  we  have  spoken  to  correct  the  difference  of  the  intervals  of 
would  be  the  same.  But  the  moon's  transit  as  follows.  The  increase  of  semi - 
right  ascension  is  constantly  increasinir ;  diameter  of  the  moon  arising  from  its  alli- 
if  we  suppose  the  second  observer  to  be  tude  above  the  horizon  does  not  alter  the 
west  of  Greenwich,  in  the  interval  be-  time  employed  by  its  semi-diameter  in 
tween  the  moon  being  on  the  meridian  passing  the  meridian.  At  the  two  instants 
of  Greenwich,  and  on  his  meridian  she  of  observation  let  rand  r'  be  the  horizon- 
will  have  increased  her  riRht  ascension,  tal  semi  diameters ;  l  and  ^  the  moon's 
and,  consequently,  the  sidereal  time  of  declinations  of  the  moon's  centre  at  the 

transit,  which  is  equivalent  to  it:  and  if  .  -..„.-.  .  .u^„  _!! ^ 

we  suppose  the  motion  in  right  ascen-  ♦^^^^o^*''*""^ '**^«"l5.cos.a   15.cos.y 

aion  uniform,  the  difference  of  the  si-  Yf\\\    be    respectively  the  distances  in 

dereal  times  of  transit  will  be  proper-  right  ascension  of  the  moon*s  centre 

tional  to  the  difference  of  meridians.  from  the  meridian,  when  the  limb  is  on 

Nothing  can  be  simpler  in  principle  the  meridian ;  the  difference  of  these  two 

than  this  method,  but  it  requires,  in  quantities  is  the  correction  to  be  applied 

practice,   several   precautions.    In  the  to  the  longitude  previously  obtained.   It 

first  place,  should  there  be  any  error  in  is  to  be  added,  when  the  western  limb 

the  position  of  the  transit  instrument,  has  been  observed,  and  subtracted  if  the 

or  in  the  rate  of  the  clock,  the  whole  of  eastern.    We  have  supposed  the  accen- 

these  errors  will  fall  upon  the  longitude,  tuated  letters  to  refer  to  the  eastern  sta- 

This  is  eluded  by  both  observers  ob*  tion.  As  one  of  the  meridians  is  supposed 

serving  the  transit  of  a  star  of  very  known,  there  will  be  no  difficulty  in  cal- 

nearly  the  same  declination  as  the  moon,  culating  for  that  r  and  cos.  2:  but  for 

mnd  not  differing  much  from  it  in  right  the  other,  we  must  take  an  approximate 

ascension,  and  then  each   noting  the  value  of  the  longitude  which  does  not 

difference  in  sidereal  time  between  the  require  to  be  known  accurately  for  this 

two  transits.    This  difference,  from  the  purpose. 

moon's  motion  in  right  ascension,  will  when  the  meridians  are  not  above 
not  be  the  same  under  the  different  me-  one  or  two  hours  distant,  we  might 
ridians ;  the  variation  in  it  will  give  the  (except  where  very  great  accuracy  is  re- 
longitude  as  before.  The  advantage  we  quired)  neglect  the  9bove  ooneetion,  as 
have  gained  is,  that  we  are  dependent  well  as  that  we  are  just  going  to  explain ; 
upon  the  clock  only  for  the  very  short  it  i«,  however,  already  allowed  for  in  the 
interval  of  time  between  the  two  transits  column  in  the  page  of  moon-cu]minatin>^ 
of  the  star  and  moon  :  and  as  the  foriner  stars  in  the  Nautwal  Almanac,  which 
has  very  nearly  the  same  declination  gives  us  the  variation  of  right  ascension 
with  the  latter,  it  is  seen  in  the  field  of  corresponding  to  one  hour  difference  of 
view  without  alterinsr  the  position  of  the  longitude:  having  ascertained,  then, the 
telescope :  we  are  thus  rendered  inde-  variation  of  right  ascension  in  our  par- 
pendent  of  any  error  in  the  position  of  ticular  case,  we  may  conclude  by  a  sim- 
the  transit  instrument,  as  this  will  affect  nje  proportion  our  difference  of  longitude, 
both  star  and  moon  equally.  The  stars  But  if  great  accuracy  be  required,  then 
which  may  he  thus  ol)served  are  called,  take  the  variation  in  right  ascension  cor- 
in  the  Nautical  Almanac,  moon-culmi-  responding  to  the  middle  of  the  times 
nating  stars,  and  their  apparent  places  between  the  observations,  which  may  be 
are  given  in  that  Ephemeris  for  every  obtained  by  interpolation  l>etween  the 
day  of  the  year,  except  the  four  days  numbers  in  the  Nautical  Almanac, 
preceding  and  following  new  moon.  We  have  hitherto  supposed  that  cor- 

We  have  hithertoreasoned  with  regard  responding   observations   are   actually 

to  the  centre  of  the  moon ;  now  practi-  made  on  the  two  meridians,  but  this  is 

cally  this  cannot  be  observed — ^what  is  not  necessary,  though  more  exact.    If 

done,  in  reality,  is  to  observe  the  transit  we  have  at  a  given  station  ol>served  the 

of  the  bright  limb.    If  the  moon*s  semi-  interval  of  transits  l)etween  a  moon-euU 

diameter  he  supposed  constant  during  minating  star  aT\d\Y\%  xa^^iC^  \\tc^«  ^vi^ 

the  interval  of  the  observations,  it  is  un-  may  compare  Vt  v«\\\i  V\v^  colcuXaied  Vcv- 

iiDportaotfrlifetoireafaiirfPtjie^^tvQ  ^^^  }^\,  tiktt  i^waa  ^  Qre^K^-^^*^ 

^         m  f  ^  m  •  * 
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%vbich  may  be  deduced  from  the  Nautical  let «  —  c^  be  the  diflfcieiiee  of  right  tt- 

Almanac.  censions;  convert  this  into  solar  time, 

To  illustrate  more  fully  this  method,  and  do  the  same  for  A ;  it  ii  evident 

let  us  suppose,  that  the  apparent  times  that  »  --  J  thus  expressed  ought  to  be 

ofthemoon*s  culmination  (as  determined  equal  to   A  similarly  expressed.    But 

by  previous  calculation  approximately,  this  will  goierally  not  h^  the  ease;  as 

to  the  nearest  minute)  for  the  two  meri-  in  order  to  calculate  H,  we  have  em- 

dians  are  M  and  M' ;  then  compute  for  ploved    the    difference    of   longitudes 

these  times,  r,  2,  r',  y;  and  let  /and  ^  deauoed  on  the  supposition,  ttuit  the 

represent  the  difference  (in  sidereal  time)  moon  s  motion  was  uniform.  The  whole 

between  the  transit  of  the  moon  s  limb  error  of  the  result  is  (A)  *-(«-«');  it 

and  star  at  the  places  of  observation,  being  understood  that  these  quantities 

We  shall  suppose  throughout  the  accen-  are  now  expressed  in  true  solar  time. 
tuated  letters  to  refer  to  the  eastern  ob-        Let  x  be  the  error  on  the  moon's  mo- 

servatory.    The  observed  difference  of  tion ;  find,  from  the  Nautical  Almanac, 

the  right  ascension  of  the  moon's  centre  the  moon*s  motion  in  24  hours  of  true 

for  the  time  elapsed  between  the  two  solar  time  and  expressed  in  time,  and 

,         ,.  ,^     ^,,  ,        r  call  it  m ;  let « l>e  the  length  of  the  true 

observations  =  A  =«-/')±j5^5j;^  solar  day:  then 

.      ^  u-  u  L  a? :  A  -(«-•')::«:  m 

± r»  in  which  expression  the  • 

■^15  cos.  y                      *^  .".  a?  =  {A  -(•-«')} — 

signs  are  to  be  used,  according  to  the  *-                       '  m 

rule  above  given.  then  d7  is  the  correction,  which,  added  to 

A  measures  the  increase  of  right  as-  L,  the  presumed  difference  of  longi- 

cension :  if  the  moon*s  motion  were  uni-  tudes,  will  give  us  the  true  difference, 

form,  it  would  be  proportional  to  the  The  operations  will  be  better  under* 

difference  of  longitudes,  but  this  is  not  stood  by  an  example.  On  December  5th, 

the  case.    In  order  to  proceed  with  ac-  1824,  Lieutenant  Forster  observed  the 

curacy,  it  is  necessary  to  find  the  true  differences  in  the  culmination  of  the 

solar  Greenwich  times  of  the  culmina-  moon,  and  the  two  stars  62  and  95  Tanri 

tions,  which  we  shall  call  H  and  U' ;  at  Port  Bowen;  the  presumed  longitude 

and  then  to  calculate  from  the  Nautical  being  5**  55°"  40*  W.  firom  Greenwich. 

Almanac  the  increase  of  right  ascension  These  differences,  in  sidereal  time^  weie 

corresponding  to  the  interval  U  -  H' :  as  follows  :— 

GrMnwich.  IVvtBovcii, 

62  Tauri  <'  =  +  gm  45'  58  <  s=  +  24*  53*  98 

95  .•.<=  —  9    25  98  ^  =  +^  5    24    90 

The  mean  gives     <'  s  +  0     9  80  <  =  +  15    18  44 

.-.  /-/'.=  +  15*  8' 64 

Add  supposed  difference  of  longitudes  =  5^  55  40 

Sum  =  6   10  48^ 

or  in  true  solar  time  (roughly)  =  6**  10* 

This  then  is  the  approximate  value  of  the  time  elapsed  between  the  two  culnu- 

nations. 

By  the  Nautical  Almanac,  the  moon*s  first  limb  culminated  at  Greenwich  at 
11^  34" :  consequently  (adding  6**  10*")  it  culminated  at  Port  Bowen  at  17^  44* 
of  Greenwich  time.  Calculating  by  the  Nautical  Ahnanac  the  decUnatioa  and 
semi-diameter  of  tlie  moon  for  those  instants 

at  ll»»  34""  at  17*44"-  ' 

r'  =    0°  15'  42"  r  =5    0  15'  44"  39 

V  =  23®  39'  20"  3  =  23  53  30 
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Cakiilate  now  the  moon's  right  ascension  for  the  times  H' 
H  slT*  43*4V67 


231 
Uii34«  and 


«  s  69 
«f  =  66 


53 
6 


49 
29 


21 
93 


•  -  «'  =    3    47     19     28 

A  (in  space)  =    3    47    14    07 
A  A  -(«-•')  =  -  5    21 

9       24^  4™  22* 

IhHB.tbe  Nautical  Almanac  —  =  ,^049/24/^ 


u\ 


:.x  = 


-  5"  21  — 

m 


=  -  8»  44 


ind  the  correct  longitude  =  5^  55""  40*   -  6'  44 

=  5^  55"  31'  56 


Longitude  deduced  from  the  Observa- 
tion of  the  Occultations  of  Fixed 
Star$  btf  the  Moon. 

The  method  we  are  about  to  explain  is 
unfortunately  seldom  practicable  at  sea ; 
a  circumstance  the  more  to  be  lamented, 
because  it  is  the  most  exact  of  all  astro- 
nomical methods,  when  the  longitude  is 
fband  by  a  single  observation.  It  is,  how- 
evefp  eminently  useful  in  |3;eo^aphy,  and 
mantime  surveying,  and  its  importance 
will  lead  us  to  explain  it  in  some  detail. 
The  only  disadvantage  which  attaches 
fo  it  is  the  lens^th  of  tne  calculations  by 
which  the  lonsitude  is  deduced. 

In  this  method,  the  observer  having 
ascertained,  by  previous  calculations, 
within  two  or  three  minutes,  the  time^at 
which  a  certain  fixed  star  will  disappear 
beldnd  the  moon's  disk,  or,  as  it  is  tech- 
nically called,  be  occulted  by  the  moon, 
places  himself  at  the  telescope,  and  waits 
carefully  for  the  instant  of  its  disappear- 
ance or  immersion;  the  minute  and 
second  being  carefully  noted;  the  ob- 
ler? cr  also  endeavours  to  observe,  if  the 
eiienmstances  admit  of  it,  the  reappear- 
uoe  of  the  star,  or  its  emersion.  The 
longitude  may  be  found  from  either  of 
these  observations  singly,  but  it  is  desir- 
■ble  to  observe  both,  if  possible.  Let 
OS  suppose  now,  that  a  second  observer* 
under  a  known  meridian,  has  made  a 
similar  observation  of  the  immersion: 
if  the  noon  were  so  distant  as  to  have 
no  sensible  parallax,  the  physical  in- 
stant of  the  immersion  would  be  the 
same  for  both  observers,  and  the  occul- 
tatioa  would  then  be  an  instantaneous 
signal  simultaneously  observed  under 
two  different  meridians,  and  the  differ- 
cnee  of  the  time  counted  by  the  observer 
would  be  the  dtference  of  longitudes. 
We  mMjf  leaion  in  the  same  way  yrith 


regard  to  the  emersion^  But,  in  'con ' 
sequence  of  her  parallax,  the  moon  ap- 
pears at  the  same  instant  to  observers 
differently  placed,  to  occupy  different 
portions  of  the  heavens,  consequently 
the  physical  instant  of  immersion  or 
emersion  is  different  for  these  observers. 
We  cannot  then  use  an  occultation  as 
an  instantaneous  signal,  but  we  may 
make  it  available  for  our  purpose  l^ 
deducing  from  it  the  true*  position  of 
the  moon  at  a  known  physical  instant, 
and  ;.the  corresponding  times  counted 
under  the  two  different  meridians.  It 
is  evident,  that  since  the  moon*s  appa- 
rent semi-diameter  may  always  be  cal- 
culated, at  the  instant  of  occultation,  we 
know  exactly  the  distance  of  her  centre 
from  a  certam  fixed  star,  affected,  how- 
ever, by  parallax  and  refraction;  by 
proper  corrections  we  may  get  the  true 
distance,  and  the  method  becomes  simi- 
lar in  principle  to  the  method  of  lunar 
distances  already  explained. 

Before  entermg  more  minutely  into 
the  nature  of  these  reductions,  we  shall 
show  how  the  instant  of  the  expected  oc- 
cultation may  be  determined  within  the 
limits  of  two  or  three  minutes.  We 
require  for  this  purpose  an  approximate 
knowledge  of  the  longitude,  but  this  is, 
in  fact,  what  we  always  have.  At  sea, 
it  is  given  by  the  log  and  compass ;  on 
land,  by  magnetic  bearings  and  the  dis- 
tance of  the  day*s  marches,  (supposing 
the  country  perfectly  unknown ;)  or  it 
may  be  found  by  an  eclipse  of  one  of  the 
satellites  of  Jupiter,  by  a  lunar  distance, 
or  other  methods  of  less  precision.    Let 

*  Tlie  trne  position  of  the  moon  It  her  potUloa 
M  Men  from  the  centre  of  the  earth ;  thU  U  always 
the  aame  at  the  tame  moment,  but  wiU  be  rec- 
koned differently  according  to  the  difference  of 
meridian.  Thla  true  poaiUon  ^c«ac\VL^iii^  It^ta. 
the  appircnt)  tappUet  tti«  ^Um  Qt  ia\M^aia\inww^ 
figiuiU 
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us  call  fbe  apparent  right  afcension  end 
declination  of  the  fixed  star  to  be  oc- 
culted A  and  D ;  the  true  right  ascen- 
sion and  dechnation  of  the  moon  «  and 
4;  her  apparent  ditto  «',  and  V^  the 
equatorial  parallax  n ;  horizontal  semi- 
diameter  ( ;  apparent  semi-diameter  (' ; 
fi  the  sidereal  time ;  r  the  distance  of 
the  observer  from  the  earth's  centre ;  p 
the  latitude  of  the  observer ;  ^  his  lati- 
tude corrected  for  the  elliptrcity  of  the 
earth.  The  earth  being  supposed  a 
spheroid  of  revolution,  each  terrestrial 
meridian  is  an  ellipse,  and,  consequently, 
a  normal  to  the  surface  at  a  given  point 
of  the  meridian  does  not  generally  past 
through  the  centre;  the  line  drawn 
from  the  observer  to  his  zenith  makes 
an  angle  with  the  prolongation  of  the 
radius  of  the  earth  at  that  point,  which 
is  called  the  angle  of  the  vertical.  Let 
A  P  B  D  be  a 


p,  wherep  b  (fae  ratio  of  tbe  ^fifforaace 
of  the  two  axes  to  tbe  axis  mijor;  and 
(p  the  observed  latitude,  then  tan.  ^  >p. 
sin.  2  ^ 

It  is  also  to  be  observed,  that  the  ho- 
rizontal parallax  w  is  not  the  equatorial 
horizontal  parallax,  which  we  shall  call 
n,  but  that  which  corresponds  to  the 
latitude  of  the  observer.  For  the  earth 
being  a  spheroid,  the  horizontal  paral- 
lax under  different  latitudes  will  be  dif- 
ferent. Let  M  be  the  distance  from  the 
centre  of  the  earth  to  the  centre  of  the 
moon:  R  the  equatorial  radius  of  the 
earth;  then 

M  sin.  n  =  R,  M  sin.  «*  ^r 
sin.  n        R 


r  . 

■  •  * 


Sin.  9" 


meridian,  O,  the  place  of  the  observer; 
O  Z,  a  normal  to  the  ellipse  at  O ; 
O  O  V,  a  line  from  the  centre  C  to  the 
observer  at  O  prolonged :  then  V  O  Z 
is  the  angle  of  the  vertical.  Prolong 
O  Z  till  it  meets  the  axis  in  N  ;  the  ob- 
served latitude  is  Z  N  A,  vvhile  the  re- 
duced latitude  will  be  V  C  A ;    their 


or  since  n  and  «*  are  small  angles, 
ji R_ 

But  by  the  theory  of  the  ellipse'); 

r=R(l-p.sin.«^  +  fp.»8in.«2f  .,.) 

.•.  «•  =  n  (1  -  p.  sin.*  p ) 

the  first  two  terms  of  this  series  are 
generally  sufficient.  The  equatorial  ho- 
rizontal parallax  is  given  by  the  lunar 
tables ;  when  it  is  known,  we  conclude 
from  it  the  horizontal  parallax  corre- 
sponding to  the  latitude  of  the  observer 
by  means  of  the  above  series.  If  we 
take  p  =  3^7*  which  is  the  value  most 
usually  assumed,  then, 

log.  p.  =  3.5157002. 

Let  2  be  the  angular  distance  of  the 
star,  and  the  centre  of  the  moon, 
measured  on  a  great  circle ;  the  angle 


difference  is  the  angle  V  O  Z ;  from  the    made  by  this  great  circle  with  the  circle 


observed  latitude  <p,  then,  we  must  sub- 
tract the  angle  of  the  vertical  to  get  the 
geocentric  or  reduced  latitude  ;p'.  Now 
by  the  theory  of  the  ellipse,  calling  the 
anj:lo  of  the  vertical  ^  the  compression 


of  declination  passing  throu&;h  the  star, 
P ;  reckoning  from  0  to  360°  through  P, 
so  that  P  is  between  0  and  180®  if 
a'<  A,  and  between  180®  and  360**  if 
«'  >  A,  then 

sin  2  .  sin.  P  =  -  cos.  V  .  sin.  («'  —  A), 

sin.  2  .'cos.P  =  sin.  V  .  cos.  D  —  cos.  V  .  sin.  D  .  cos.  (•/  —  A). 

But  the  formulae  which  give  the  apparent  place  of  the  moon  in  terms  of  the  true,' 
aiford  us 

A  .  COS.  V  .  sin.  a!  =  cos.  I .  sin.  «  -  r  ,  cos.  (f  .  sin.  •• ,  sin.  /», 

A  •  COS.  V  .  COS.  a'  =  cos.  ^ .  COS.  «  —  r  .  cos.  ?^ .  sin.  «• .  cos.  ^ 

where  a  is  the  distance  of  the  moon's  centre  from  the  place  of  observation.   Sub- 
stituting this  above,  we  have 


*  Thene  are  knowv  In  nntronoiny  as  UiQ  fOTixv\)\«e  ot  0\b«T«\  Itie  demonitraUoQ  of  tbem  wUl  tegifM 
fn  «  BubKequeDt  part  of  this  wo^H. 
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A  .  sin.  2 .  tin.  P  »  —  cos.  %  .  sin.  (•  -  A)  +  r .  eos.  <f'.  sin.  •- .  sin.  (^  -  A), 

A » sin.  2  .  COS.  P  =  sin.  I .  cos.  D  —  cos. )  .  sin.  D.  cos.  («  -  A), 

—  r  .  sin.  or  ^sin.  ^ ' .  cos.  D  —  cos.  <p^ .  sin.  D  .  cos.  (^  -  A)} . 

At  the  instant  of  immersion  and  emersion  2  =  ^,  and  A  sin.  ff  =  sin.  ^ ;  also 
A .  sin.  2  =  sin.  ^ ;  whence  A  is  eliminated*  and  we  have 

sin.  ^  .  sin.  P  =  -  cos.  i  .  sin.  («  —  A)  +  r .  cos.  ^  .  sin.  •• .  sin.  0» — A), 
sin.  ^  .  cos.  P  =  sin.  I .  cos.  D  —  cos.  )  .  sin.  D  .  cos.  («  —  A), 

—  r  .  sin.  «r.  |sin.  ^.cos.D  —  cos.^.  sin.  D  .  cos.  (/*•— A)}, 

Put  now  sin.  f  =  A  .  sin.  or,  {k  is  a  constant  given  in  the  lunar  tables,)  and  divide 
out  by  sin.  «r,  then 

.      .     -,  COS.  % .  sin.  («  -  A)   .  ^     .     ^       * . 

k .  sin.  P  = : +  r  .  COS.  f'.  sin.  (/• — A) 

sin.  «r 

_        sin  J  .  cos.D  —  COS.  )  .  sin.  D  .  cos.  U— A) 

*  .  COS.  P    =     : 

sm.  9 

—  r  .  sin.  <^,  COS.  D  —  cos.  )  .  sin.  D  .  cos.  C»  —  A) ; 

squaring  each  equation,  and  then  adding  them  together, 

_^        (COS.  I .  sin.  (« —  A  ,     .     ,         A  V 1. 

A«  =  \ : —  r  .  COS.  (p'.  sm.  (u  —  A)]« 

I  sin.  «•  '"J 

sin. )  .  COS.  D  —  COS.  I  .  sin.  D  .  cos.  («  —  A) 


+  ■ 


sm.  9 

—  r  [  sin.  <f'.  COS.  D  —  cos.  <^  sin.  D  .  cos.  0»  —  A)]}«. 

These  equations  are  rigorous,  but  when  our  object  is  merely  to  approximate  to  the 
time  of  occultation,  we  may  put 

cos.  I  .  sin.  (•  —  A)         «  —  A 

COS.  ), 


snd 


sm.  «*  AT 

sin.  )  .  sin.  D  —  cos. )  .  sin.  D.  cos.  («  —  A)        2  —  D 


sm.  «r  w 

Suppose  also  r  .  cos.  (p'.  sin.  0*  —  A)  .   .  •  .   =»  n, 

r.  sin.  (^  .  COS.  D  —  r  .  cos.  ^.  sin.  D  .  cos.  (^  —  A)  =  p. 

Let  us  suppose  now  «,  ),  «•  and  ^  calculated  for  a  certain  time  T,  wliich 
lies  so  near  the  time  (T  +  t)  of  the  immersion  or  emersion  that  we  are  inves- 
tigating, that  the  terms  on  the  right  hand  side  of  the  equation  may  be  expanded  in 
rapidly  converging  series  according  to  the  powers  of  ^    Then  for  the  time  T  + 1 

p  becomes  p  -^  p  t 

q       »      Q  -^  q'  * 
u        „       u  -{-  u'  t 

V        „        V  +  i/ 1 
Here  j/  evidently  = .  cor.  J 

ivhere  A  «  and  A  ^  are  the  horary  variations  of  the  moon's  right  ascension  and 
declination  respectively. 

In  the  expressions  for  u' and  t/,  neglect  I,  then 

u  =  r.cos.  ^.sin.  (^  —  A) 

V  =  r.  sin.  <^ . cos.  D  -  r . cos.  f'. sin.  D.cos.  (/»'  —  A) 

tt'=  r .  COS.  ^  ,x,  COS.  (/*'  -  A) 

t;'=:  r.cos.  ^.  X.  sin.  0*'  —  A).tin.  D 

^hich  we  may  put  in  this  form : 

«  =2  a  n'  =  b,x 
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where  x  is  a  Icnown  constant,  a  =:  r.  cos.  ^.  sin.  (/  »  A) 

^b  =  r.cos.  (p'.cos.O*'  -  A) 
e  =  r,  sin.  ^.cos.  D. 
The  values  otp,  q,  //,  and  q'  being  known,  oar  equation  becomes 

jfet  =  |p  _  „  +  (y  •  ttO  f  }•  +  {9  -  r  +  (g'  -  r')  t  }» 

In  this  equation  t  is  the  unknown  quantity,  which  beinic  added  to  T  will  give  us 
the  time  uf  immersion  or  emersion.    To  solve  the  equation  conveniently,  let  us  put 

^  -  t<  =  m .  sin.  M  p'  ^  u'  =  n,  sin.  N 

q  ^  V  =  m,  cos.  M  ^  -  t»'  =s  ii.  cos.  N 

/.  A«  =  m«.  sin.«  (M  -  N)  +  {m.  cos.  (M  -  N)  +  n  ^]« 

m 
Let  us  put  now  -r .  sin.  (M  —  N)  =  cos.  -vA 

.*.<  =  -—.  cos.  (M  -  N)qp  —  .  sin.  ^p 

The  upper  si^  is  to  be  taken  for  the  (1  —  «■)   sin  «    ' 

immersion,  the  lower  for  the  emersion,  r.  sin.  ^  =      l            •       •  ^    • 

provided  we  have  taken  >^<  180®,  which  Vl  —  «•.  sin.«  p 

can  always  be  done.  ,          .   ^, 

„,      .  where  «  IS  the  exccntricity  of  the  tenes. 

If        —  .  sm.  (M  -  N)  >  I,  trial  meridian. 

then  there  is  no  occultation.  the  moon  ^  ^^  ^^  importance,  and  more  partieo- 

passes  by  the  star  without  covering  it.  l^rly  with  regard  to  the  emersion,  to  be 

It  is  belter,  however,  to  try  repeated  ap-  app«sed  beforehand  of  the  part  of  the 

proximations  before  we  decide  whether  moon's  disk  where  the  star  may  be  es- 

cos.  ^  really  is  greater  than  unity,  as  P^eted  to  disappear  or  reappear.     If  we 

this  result  may  arise  from  the  neglect  of  ^«  ^^  know  in  observing  an  emersion 

certain  quantities  in  establislyne:   our  ^?  ^"**  P"t  of  the  limb  we  ought  te 

formula.   It  is  perhaps  more  convenient,  ^'f^^^t  «"f  attention,  we  are  exposed  to 

instead  of  calculating  <?/  from  p,  to  cal-  ™iss  the  observation  altogether.    The 

culate  at  once            cos.  p  formula  in  page  233  may  be  put  in  tfaii 

r.  COS.  ^  =     /               =r  form 
V  1  —  6:«.  sin.  (p 

A.  sin.  P  =  -  m.  sin.  M  —  ra.  sin.  N.  t 
k.  cos.P  =   -  m.cos.  M  +  n.  cos.N,/ 
or  substituting  for  t  its  value 

A.  sin.  P  =  —  m.  sin.  (M  —  N)  cos.  N  ±  *.  sin.  N.  sin.  ^^ 
A,  COS.  P  =  —  m.  sin.  (M  -  N).  sin.N  q:  A.cos.N.  sin.  ^/^ 

and  since  it  may  be  observed,  is  hardly  neeessaiy 
m.  sin.  (M  -  N)  =  ;^.  cos.  ^  except  for  an  emersion:  in  this  case  the 
,.                  ,^.    ,    .,  /owtfr  sign  IS  to  be  taken, 
sin.  1  =  -  COS.  (N  ±  ^)  Let  us  take  the  example  given  by 
cos.  P  =  -  sin.  (N  ±  yp)  Bessel,  who  first  proposed  this  method, 
.     p  _  "70^  —  N  3:  •C'  of  the  occultation  of  the  star  83  J^eoois 
"            "              "^  on  the  5th  April,  1830.    It  is  to  be  re- 
If  we  wish  to  reckon  the  place  by  marked,  that  in  our  expresaions,  one 
means  of  the  angle  included  between  the  hour  is  taken  for  the  unit  of  time  •  con- 
two  great  circles  drawn  from  the  centre  sequently  /  expresses  a  fraction  of  an 
of  the  moon  to  the  star  and  the  north  hour.    The  occultation  is  reckoned  for 
pole    respectively,    reckoned   from  the  the  meridian  of  Berlin ;  throughout  tht 
north  to  the  left  hand  all  round,  then  reckoning,  only  minutes  and  tenths  of 
this  angle  Q  very  nearly  =  1 80°  -  V  =  mvmVw  w:^  taken  into  acGOUnL    It  is 
N ±^-  yo:    The  calculaliou ot  Q,  lo^Mi^VtaX 
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or  calling  the  hour  angle  Z;?  S,  h ;  the  geographical  latitude  r,  and  the  parallax 
in  altitude  p;  '^ 

%\n,  (k  -f  gy)     ^  sin.  cr 

COS.  D  .  sin.  i;!        sin.  ;?  .  cos.  <p. 
But  if  n  be  the  horizontal  parallax,  then 
sin.  p  =  sin.  n  .  sin.  j;', 
.      sin.  ih  +  o)  sin.  or 

cos.  J)  .  sin.  V       sin.  n  .  sin.  V  .  cos.  <p 


sin.  (A  +  CT)   _         sin,  tar 
COS.  D  sin.  n  .  cos.  <p 


sin.  n  .  COS.  (p  (sin.  h  +  cos.  A  .  tan.  m)  =  tan.  o  .  cos.  D,  ^^^ 

.*.  tan.o  =         sin,  n  .  cos.  ^  .  sin.  A 

cos.  D  —  sin.  n  cos.  ^  .  cos.  h' ^ 

Assume  cos.  "^  =  'i"-  n  .  cos,  (p  .  cos,  h 

COS.  D 

•  tan  CT  —  ""'  n.cos.  ^.sin.  A 
""  COS.  D(l  -COS.  >A) 
s=  *in.  n  .  cos,  f  .  sin.  A 

2  COS.  D  .  sin.*  _ 

ft  formula  adapted  to  logarithmic  computation,  and  from  ¥rhich  the  arc  m  may  be 
found. 

When  it  happens  that  the  moon's  declination  is  not  very  great  at  the  time  of  an 
occultation,  it  may  be  more  convenient  to  calculate  €7  by  a  series. 

Put  q  =  »'"/  n  .  COS.  ^ 

COS.  D  I 

then  tan.  w  =     ^  '  ""'  ^ 

1  —  q  COS.  h 

=  ^  .  sin.  A  {  1  +  g  .  COS.  A  +  9*  .  cos."  A  .  .  .  } 

Put  for  tan.  o,  C7  sin.  1''  to  express  C7  in  seconds,  and  we  obtain 

<7  .  sin.  A        Q*.  sin.. 2  A         o*.  sin.  3  A 

X7  =  ~ -{-  "^ ~~~~"  "¥  ..... 

sin.  1"  2  sin.  1"  3  .  sin.  1" 

q  is  always  very  small,  since  it  has  for  factor  sin.  n  which  is  alwavs  very  small ; 

conse<}uently  our  series  is,  in  general,  sufficiently  convergent  to  enable  us  to  neglect 

the  third  term. 

.     .  « «  «      «»'^'  D  -  COS.  5*  sin.  p       sin.  D'  -  cos.  ?'.  sin.  ^ 

Agam,  COS.  P  Z  S  = : — =  : — = 

^  sin.  C .  COS.  (p  sm.  v  .  cos.  f 

:.  sin.  V  (sin.  D  -  cos.  I .  sin.  0  =  sin.  5  (sin.  W  -  cos.  r* .  sin.  f) 

sin.  V .  sin.  D  -  sin.  tp  (sin.  V  .  cos.  {  -  cos.  IJ  sin.  0  s  sin.  5  .  sin.  IV 

.*.  sin.  V .  sin.  D  —  sin.  <p  .  sin.  (C  —  Q  =  sin.  I .  sin.  D'. 

But  sin.  (?^  -  0  =  sin.  p  =  sin.  n  .  sin.  7! 

/.  sin.  V  (sin.  D  -  sin.  <p .  sin.  n)  =  sin.  ? .  sin.iy. 

^  ,  ,     ^rwr^       COS.  D  .  sin.  h        cos.  IV.  sin.  (A  +  cr) 

But  we  have       sm.  P  Z  S  =  — 


«*.  sin.  I .  COS.  ly  = 


sin.  I         ""  sin,  ?^ 

sin.  ^  .  cot.  D  .  sin.  A 


sin.  (A-|-f9) 
Dividing  the  equation  obtained  just  before  by  this  last,  we  have 

^,      sin.  D  -  sin.  n  .  sin.  ^     .  -^.    • 

tan.  jy  =  =r — : — r — ^ .  tin.  (A  4- «). 

co8.D«8m.  A  -      *- 

Thif  eqmtkm  may  he  put  under  the  ferm 
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sin.  ^  .  sin.  n      .      _.  sin.  h  •  fan*  IV 

COS.  D  sin.  (A  +  o) 
Now,  we  have 

sin.  D  sin.  IV 


tan.  D  -  tan.  D'  = 


cos.  D         COS.  ly 
sin.  D  .  COS.  D^  -  cos.  D  .  sin.  IV 
COS.  D  .  COS.  ly 

sin.  (D  -  D')  sin.  w 


"  COS.  D  .  COS.  D'       COS.  D  .  cos.  IV" 

Adding  now  this  equation  to  the  preceding  one,  we  have 

sin.  <p  .  sin.  n       .       _,  sin.  w  sin.  h  .  fan.  D' 

— tan.  D'  =  — =- : , 

COS.  D  cos.  D  .  COS.  D'  sin.  (n  4-  to) 

sin.  p .  sin.  n      ^        t^/  f  ,  «>"•  A      1     ,  sin.  *r 

~ — v^^ =  tan.  D'  <  I  —  -: r-, }  -i ;t^ . 

cos.  D.  [  sm.  (A-f-  CT)J        co.s.  D .  cos.  D' 

_  sin.  h  sin.  (A  +  t?)  -  sin.  h 

But  1 mr^  =  ,.  1    , 

sin.  (A  +  ts)  sin.  (A  +  cr) 

2  sin.  ^.  COS.  [^  +  y) 
"  sin.  (A  +  ct)  , 

[Multiplying  above  and  below  by  cos.  — ^,  and  recollecting  Jlhat  2  gin.  — 

COS.  —  =  sin.tjj. 

sin.  CT .  COS.  (^+"^) 

sin.  (h4-tj)  .  COS.  — 
'  2 


sin.  Ti .  COS.  ^ 

COS.  D  .  COS.  — 
2 


.  cos.  Ih  +  -^J^y  ^*I"**'^«0)>.237 


Consequently  substituting  above  this  quantity, 


sin.  <p.  sin.  *  '  ^.     sin.  n.  cos. «  /,        w\     i 

^— n—  =  tan.  D'. ^  .  cos.  U  +  —  1  + 

COS.  D  ^  CT  \  2  / 


am. 

-  .  COS.  \n  -t  — - 1  -| = 

\  2  /     '      COS.  I 

2* 


^         -^  -  COS.  D  .  COS.  D' 

COS.  D.  COS.  -T- 


sin.  ^D' .  sin.  n .  cos.  <p  .  cos.   (  A  +  — J 
.".  sin.  w'  =  sin.  f .  sin.  «• .  cos.  D' ■ 


COS.  —- 


cot.  <p  .  cos.  (h  +  — ^ 
Assume  cot.  z  =  

GT 


cos.  — 


in.  T  =  sin.  (^  .  sin.  n  .  (cos.  D'.  -  sin.  D'cof.  x) 

/cos.  D  .  sin.  V  —  sin.  IK .  cos.  vX 

=  sin.  ^.sm.  n  I -. *l 

^  sin.  x:  / 


sin.  a; 
sin.  (p  sin.  n  " 


sin,  ;^ 


.8in,(;c*-D') 


Take  «  =  ""•  ^  •  ""•  " 

Sin.  ;C 
lin.  •-  =  n  .  sin.  (;t  —  D  +  ») 

=  n  .  sin.  (x  -  D)  .  cos.  «— ("  <5^**  (a;*"^)  •  si"*  «* 
tan*  «•  =  n  .  sin.  (;t;  -  D)  +  n  .  cos.  (;^  -  D) .  tan.  •• 

.  .  n  .  sin.  (x  —  D) 

.%  tan.  «r  = — - 

1  —  n  .  COS.  (;^  -  D) 

=  n  .  sin.(;t;  -D)  {1  -f  n  .  cos.  (%  -D)  -¥  n«.cos."  (x  ^  ^)  *  •  '} 
or  rather  >="•"'"•  ^^^^  +  «'-«''-2(a:-D)    . 


sin.  I"                     2  .  sin.  1" 

it  will  be  rarely  necessary  to  take  into  account  the  third  term. 

We  must  begin  then  by  calculating  «r,  trie  latitude,  which  is  deduced  from  (p, 
or  the  parallax  in  right  ascension,  then  by  the  formula  given  above,  page  232. 
the  angle  x*  then  fi,  and  hence  the  pa-  We  must  also  for  n,  which  is  the  eqna- 
rallax  in  declination  «-.  This  applied  torial  horizontal  parallax,  substitute  n', 
with  its  proper  sign  to  the  true  declina-  the  horizontal  parallax  corresponding  to 
lion  as  deduced  from  the  tables,  or  the  the  latitude  (p.  The  series  for  n'  in 
Nautical  Almanac,  gives  us  the  appa-  terms  of  n  has  been  already  given, 
rent  declination.  The  difference  between  We  have  already  shown  how  the  au^- 
this  and  the  declination  of  the  star  is  the  mentation  of  the  moon's  apparent  semi- 
quantity  I,  In  calculating  the  paral-  diameter  may  be  calculated  when  we 
laxes  of  the  sun  and  planets,  the  first  know  the  zenith  distance.  But  in  cal- 
tenns  of  our  respective  series  for  the  culating  an  occultation  we  must  find  this 
effects  in  right  ascension  and  declination  augmentation  without  a  knowledge  of  { 
•re  sufficient ;  and  it  is  not  necessary  to  or  t»  In  the  triangle  S  P  S'  (figure,  p. 
take  into  account  the  spheroidal  figure  236)  bisect  the  angle  SPR'  by  the  arc 
of  the  earth.  But  in  calculating  these  SM;  and  draw  from  Z>  ZN  perpendi- 
quantities  for  the  moon,  as  in  the  in-  cular  to  PM,  and  intersecting  PS  in  Q 
stance  of  an  occupation,  it  is  absolutely  and  P  M  in  R :  it  is  evident  that  Q  p  N  is 
necessary  to  allow  for  the  ellipticity  of  an  isosceles  triangle,  in  which  PQ=PN, 
the  terrestrial  meridians.  Now  this  is  and  the  an^le  at  Q  =  the  angle  at  N. 
done  as  has  been  explained  in  a  previous  Now  the  triangles  P Z  H,  P  Q  R  which 
part  of  the  work  by  substituting  for  (p  have  both  a  right  angle  at  R,  give  us 
the  astronomical  latitude,  f  the  geocen- 

) 

*      „^       tan.  PR.       tan.  PR 
tan.  P  Q  = 


tan.  P  R  =  tan.  PZ.  cos.  Z PR  =  cot.  <f.  cos.rA  -f  y  \ 


cos.  Q  P  R      cos.  — 

2 

Assume  P  Q  =  90''  -  i 

cot.  (p,  COS.  (  ^  +   "^  ) 

.-.  cot.  I  = ^^ 

COS.  — 

2 

Now  S  Q  =  PS  -  PQ  =  (90O  -  D)  -  (90^  -•)  =  •-  D 

S'N=x  PS'-  PN  =  •  -  D'=:  •  -  D4-*. 

But  smce  the  angle  at  Q  =  the  anele  at  N.  sin.  Z  Q  S  =  sin.  Z  N  S ;  and 
P  Z  S  is  the  same  fur  the  two  triangles  Q  Z  S.  N  Z  S'. 

sin.  Z  S      sin.  Z  Q  S     sin.  Z  S' 


sin.  Q  S     sin.  Q  Z  S     sin.  S'  N 
sin.  {  sin.  fl 


sin.  O-D)     »in.(i-D+ir) 
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sin,  f  _  «in.  (t  -  D-fr)  _ "tin.  6^ 
sin.  Z  "'     sin.  (•  -  D)     "  sin.  A 


[zn.(<f. 


» 


A'=  A. 


.  ^  apprflxioHdel, 
sin.  (i  -  D  +  «•) 


sin.  (I  -  D) 

•*.  the  augmentation  of  the  apparent  semidiameter,  or  a'  —  A 

sin.  0  -  D  4-  «•)  —  sin.  (•  —  D) 


=  A.- 


2  sin 


sin.  (•  —  D) 
in. -^.  cos.  (•  -D  +  -|-) 


=  A. 


sin.  (i  -  D) 

=  A .  2  sin.  — .  (col  (i-D).  cos.  Jl  -  sin.  ~  J 
2     ^  2  2  ^ 

=  A.  sin  «••  cot.  (i  -  D)  —  sin.« — 

The  last  term,  never  exceeding  a  quarter  of  a  second,  may  be  neg[leeted»  and 
stittiting  for  sin.  «",  «•  sin.  l'^  in  order  to  get  the  whole  expressed  in  seconds  as 
is  already,  then  finally 

a'  —  A  =  A .  «•.  sin.  1''  cot.  (i  -  D) 

The  foUowine:  example  will  illustrate  the  use  of  the  formula  and  the  method 

above  given.    Let  us  suppose  that  the  immersion  of  Aldebaran  has  l)een  observed 

at  Paris  on  the  5th  of  October,  1830.  at  10**  21"  9"  meantime,  and  that  we 

to  find  the  time  of  the  true  conjunction.    The  position  of  the  star  is 

^  =  62*»  32'  36"- 9  rf  =  +  15®  12'  39"' 0 

the  positive  sign  being  taken  when  the  declination  is  north. 
For  the  moon 


J  =        61®  43'  59" -26 
A  =  -  72°  21'  31"-3 
A  =  16'  24"- 2 

n  =  60'  13"-3 


D=  +  15°  39'  27"- 23 

m-  37'  13"- 73 

(p'  =  48®  38'  27"-6 

n'=  60'    6"- 62 


Hence  we  calculate,  by  the  series  above  given,  the  parallaxes  in  right  ascension 
and  declination,  and  we  find* 

tj  =-  39'  26" -36  ,.  =  40'  31" '64 


The  detaild  of  the  calculation  of  tUc  parallsxes  are  as  follows.* — 

Parallax  la  Right  Ascension, 
log.  sin.  n/  =   8-2496531 
log.  COS.  f'  =  9  820(.5.% 


log.  COS.  D  =  9-9W357r<> 

log.  q  =~8o7l»li91  -f- 

log.  sln.A    =  9  9r9»8fl4  - 

a-05v<2U95  - 
1 


log.  ain.  l//=JraU4^51l_-f 
3  ;j7*J6346  - 
First  term  =   -  39'  lB'/*60 


log.  91  =  6-15826  + 

log.  »in.  2A  =  9-7fil63  - 

6-919^  - 
1 

log, "sin. -y'  =  5-013J0  H- 
0  93329  - 
Second  term  =  -  8"  58 


.-.  Finally ea  =  -  39-26'^36. 

Parallax  in  Declination. 
=      Ai'^  38'  27/' -6  log.  col.  ^/ 


log.  ft  =   4*2373  -f- 

log.  sin.  3A     =  9-7S0g  -f- 

4  0175  -H 


log.8ln.3''     =  4g373  -h 
8-8548  4- 
TWrd  term  =  -+-  0"-7«. 


9'94465i9 


^-f  ^=  -7'^  *l   i^-a 


lov<:oi,C\-|-^  j  c=  9-4736118 


%  VASM^ 
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.*.  the  apparent  right  ascension  and  declination  are  respectively 
J'  =  61°  7'  32''- 90  D'  =  14°  58'  55"' 59 

and  the  apparent  semi-diameter  A'  =  16'  30" '9  *. 
Hence  rf  -  D'  =  J  =  13'  43"-41 

A'+5  =  30'  14''-38  log.  30'  14"-38  =  3-2587163 

A'  -  J  =    2'  47'-51  log.    2'  47"*51  =  2*2240407 

5-4827570 

/.  log.  V(A'  +  ')(A'-^  =  2-7413785 

log.  COS.  d  =  9-9845124 

/.  log:.  «  =  2-7568661' 

/.  «  =  571"*30  =     9'  3l"-30 

CJ  =  36    26   -36 

/.  «  -  CT  =  -  26    55   -  06 

log.  («  -  CT)  =  2 -2081837  - 

log.  3600  =  3-5563025  + 

'5-7644912  - 

log.  m  =  3-3490307  + 

log.  <  =  2-4154605  - 

.-.  t  =  -.260*  29  =  -  4"  20«  '29 

T=     10^21      9      0 


time  of  true  conjunction  =T-|-f  =    10  16    48    7 

Let  us  suppose  now  that  the  immer-  find  by  the  Naulical  Almanac  the  in- 

sion  has  also  been  observed  at  Green-  stant  of  Greenwich  time  at  which  the 

wich,  and  that  in  a  similar  way  the  in-  moon  has  the  same  right  ascension  at 

ftant  of  true  conjunction  has  been  found  the  star ;  but  it  is  better,  when  it  can  be 

to  be   10**  26™  7* -7:   then   Greenwich  done,  to  employ  the  conjunction  deduced 

will  be  9™  21'  to  the  west  of  Paris.     If  from  actual  observation,  as  thus  we  are 

the  immersion  or  emersion  has  not  been  independent  of  the  errors  of  the  lunar 

observed  at  Greenwich,  then  we  must  tables  in  right  ascension. 


2    ~  * 

19/  43'/19 

19    100 
39    27-2 

log 
loj 

31//'64. 
-D)  » 

m 

9 

f.  cos.        ~ 
;,  cot.  X 

log  «• 

log.  sin.  2  (x  - 

1 

s  9-9999999 

=      73 
I)          =       15 

s  9-4182631 

X-  D=      69 
Now     log.  sin.  n' 
log.  sin.  ♦' 

39 

fina 

i 

42-tf 

zz  8  •2426531 
=  9-8753993 

\o%.  sin.  x 

8- 1180524 
t=  9-9^55853 

log.  n 

log.  sin.  (*   - 

=  8  1324C71 
=  9-936040D 

8  06S3080 
=  5-3144S33 

=  6-S6493 
D)  s  9-94045 

1 

6-90538 

log.  sin.  1'' 

log.  sin.  ^ff 
Second  term 

S-9930834 
8-3858993 
4-6856749 
9-7673W. 

s  5  01340 

Flnttfrm  ^ 

• 
•  • 

3-3899331 
40-   16''-9 
Jly  ir  =  40' 

•log.  A 
log.  «• 
log.  sin.  I" 
log   col.  (* 

1-21878 
=  -f  16'/- 45 

log.  (A'  -  A)       »  0 -8618957 
.-.  A'  -  A  «  6//-7 
.-.  A'  «  16^  39ff-9 
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To  explain  how  those  tables  may  be  _  ^      eoi.  y.  tiiw  h 

corrected  by  an  occultation,  we  must  w  =  it,  "  t" 

suppose  the  observation  to  be  perfectly  2  COS.D.  sin.*— 

exact,  but  that  the  errors  produce  on  the  .  •      

value  of  t,  calculated  as  above  shown,  a  we  wish  to  find,  suppoMng  a  tmall  error 

small  error  d  t.    Reverting  to  the  ex-  on  n',  the  corresponding  error  on  w. 

pression  for  t,  and  putting  the  constant  The  supposed  small  error  on  n*  will  not 

3600*  affect  sensibly  the  factor  of  that  qoaotitj 

factor  ■  ^  -  =  a.  in  our  expression. 

But  since  ««  =  a'«  -  3«  2  cos.  D.  sin.*  ^ 

Substituting  this  value  of  d  »,  in  the  =  d  11'. — 

expression  for  d  T,  we  have  ^^ 

Now  our  formula  for  the  parallax  in  j^^^  reasoning  for  rf  «•  as  for  d  tsj 
right  ascension  (page  237)  may,  consi-  ,     , 

derine:  that  zj  and  n  are  very  small,  be  d  D'  =  d  D  —  ^' 

put  in  this  form  n' 

=r  Ad  A'  -Bdjy-h  Cdn' 

cf  A' is  the  error  of  the  tables  on  the  apparent  semi-diamtter,  dJ}  aa  the  tm 
declination,  and  d  W  on  the  horizontal  parallax  of  the  moon. 

Now  if  the  immersion  is  observed  at  a  second  place,  at  the  time  T,  d  A'»  d^ 
and  d  W  will  be  the  same,  the  coefficients  will  be  A',  B',  C,  and  the  true  tuie  ef 
conjunction 

T'  +  /'  +  A'  rf  A'  -  B'  rf  D  +  C  rf  n', 

while  for  the  first  place  it  was 

T  +  /  +  ArfA'-BrfD  +  Crfn'. 

We  have  then  for  the  difference  of  longitudes 

r  -  T  +  Z'  -  /  +  (A'  -  A)  J  A'-  (B'  -  B)  JD  +  (C'-C)  d  Wi 

if  upon  calculating  the  co-efficients  A'— A,  B'-B,  C'—C,  we  find  themfery 
small,  the  errors  of  the  tables  will  produce  no  sensible  effect  on  the  longitude,  and 
may  be  neglected. 

But  when  the  object  is  to  determine  the  errors  of  the  tables,  then  we  mutt  sup- 
pose the  emersion  at  the  first  ])Iace  to  have  been  observed  as  well  as  the  immer- 
sion ;  the  time  of  true  conjunction  deduced  from  this  should  be  the  same  as  that 
deduced  from  the  immersion,  this  will  not  generally  be  the  case :  suppose  the  error 
in  the  latter  case  to  be  d  t\  then  dt  -V  dV  will  be  the  difference  of  the  times  above 
mentioned,  which  ditierencc  of  course  is  a  known  quantity.     Supposing 

df  ^-  Af    ^/  A'  -  B^   d  D  -  C;  d  n' 

then        dt  +  dV  =  {A  +  A,)  c/  a'  -  (B  +  B,)  rf D  +  (C  +  C^)  d  n' 

Each  place,  where  both  the  immersion  and  emersion  have  been  observed,  will 
jrive  us  an  equation  of  the  same  form,  involving  the  same  three  unknown  quanti- 
ties d  a',  d  I),  and  d  n'.  Such  observations  then,  made  at  three  places,  will  serve 
us  to  correct  the  lunar  tables,  and  subsequently  the  longitudes. 

VII.  We  have  already  explained  why  principal  phases.   The  magnitude  of  the 

the  eclipses  of  the  moon  cannot  be  made  lunar  echptic  Hmits  has   already  been 

available  for  the  determination  of  lonq;i-  determined,  pape   DO;   and  it  has  al<o 

tudes.    Yet  as  these  phaenomena always  been  shown  (pajre  89)  that  the  apparent 

possess  considerable  interest,  we  shall  radius  of  the  earth's  shadow  at  tne  dis- 

s&y  a  few  words  on  the  method  of  cal-  tance  of  the  moon    =  p  +  p  —   R: 

culaiing  beforehand  the  inslauls  ot  \Yvc  vsVvw^  P  is  the  horizontal  parallax  of 
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the  sun :  p  th«t  of  tfi^  mcKm ;  land  R  the  c  be  the  diitiiide  of  the  t«r^  centres  at 

apparent  semi-diameter  of  the  sun*.  the  thae  / ;  we  nay  consider  c  as  the 

This  beini^  premised,  adoptini^  the  hypothenuse  of  a  risrht-anficled  trianele, 

notation  of  page  02,  if  we  call  t  the  time  of  which  one  side  is  the  difference  of  the 

from  the  conjunction  to  the  phasis  for  motions  in  longitude  of  the  centres  of  the 

which  we  are  calculating,  s  t  will  be  the  moon  and  shadow,  the  other  side  the 

motion  in  longitude  of  the  centre  of  the  latitude  of  the  moon*s  centre  at  conjunc- 

shadow  in  that  time,  m  t  the  motion  in  tion  +  its  motion  since  that  time :  or 

longitude  of  the  centre  of  the  moon,  nt  (m  —  8)t  and  i  +  nt  respectively,  where 

the  motion  of  the  latter  in  latitude.    Let  i  is  the  latitude  at  conjunction. 

Hence  c«  =  (w  -*)•/«  +  (^  +  n  /)« 

or  c«  -  #»={  (m  -*)•  +  «*}/«  +  2  ^n  / 

or  assuming  tan.  4^  = 

rfifl  +  2ni  sin.«  ^^.  /  «  («•  -^).sin«>;^ 

—  i,  sin.*  ^^.  j:  sin.  ^,  Vc^  —  ^.  cos.«  ^p 

n 

We  have  now  only  to  put  for  c  the  eclipse  the  two  values  of  t  must  evi- 
different  values  of  the  distance  of  the  dently  be  equal ;  that  is,  the  radical  must 
centres  which  suits  the  beginning  or  end    vanish :  consequently 

of  the  eclipse  to  j^et  the  corresponding  j  t^.i.L  -  n    «-..-.  ^    *^-    i 

times  counted  from  the  instant  of  con-    c«  -  #.«  cos.«  >;^  -  0    or  c  =  f.  cos.  ^ 

junction;    which  last  may  be   always  /.  sin.*  >^ 

fMiiMl  from  the  tables.    Before  going  and  /  =  -  -^—^ — 

any  further,  we  shall  merely  remark  that  „^   ,         .       .       *  xu   •  _^    a  _:*  *lw 

the  angle  ^  is  identical  with  the  inclina-  We  have  thus  found  the  instant  of  thfe 

tion  of  the  relative  orbit  to  the  ecliptic.t  m»<*^le  of  the  eclipse,  and  the  distance 

At  the  beginning  or  end  of  the  eclipse,  of  the  centres  at  that  moment*  that  i^ 

the  distance  of  the  centres  is  equal  to  the  least  distance  of  the  centres.    Add 

the  moon's  apparent  semi-diameter  +  p  to  this  least  distance  of  the  centm  I 

-«-  P  -  R.    Substituting  this  quantity  «>»•  ^»  ™  J^^J^  «  apparent  semt-dia- 

tor  c  the  two  corresponding  values  of  t  meter,  we  shall  have  the  distance  from 

will  be  the  instants  of  the  beginning  and  the  extenor  edge  of  the  moon  to  the 

end  of  the  eclipses.    We  might  also,  if  centre  of  the  shadow:  subtract  from 

aeoessary,  find  the  radius  of  the  penum-  this  the  radius  of  the  shadow,  we  have 

tm;  add  to  it  the  moon's  apparent  se-  the  whole  part  of  the   diameter   not 

vi*diameter  for  c,  and  substituting  this  echosed:  the  remainder  of  course  wiH 

value,  find  the  instants  of  immersion  be  the  quantity  of  the  djameteredipsedv 

wito  and  emersion  from  the  penumbra.  ^^  Let  us  suppose  that  for  a  certam  day 

But  this  cannot  be  of  any  i^ractical  uti-  the  following  quantities  have  been  oal- 

lity.    At  the  instant  of  the  middle  of  the  culated. 

Instant  of  opposition March  18*  0»»  6™  12* 

Moon  s  horary  motion  in  latitude,  n  .     .     .  .     =  —  3'  26"  J 

longitude,  m.     .     .  .     =     37  23   { 

Sun's ...*....=       2  29 

Moon's  apparent  semi-diameter,   A  .     •     •  •     =     16  39 

.    .   .  horizontal  parallax  jp  ,     •     .  .     =     61     6 

8un*s  apparent  semidiameter    •  K  .     •     •  .     =     16    5 

.   .    horizontal  parallax  P  .     .     .  .     =      0    9 

ft  206" 

Hence  tan.  ^  =  =  *-  ^..o  i// 

m  —  «  2094" 

.«.  -^  =  -  5°  37'  7" 

0   sin  *  ^ 
lh)r  the  middle  of  the  eclipse    t  =  — • '—  =  0^-108047  =  +  6«.-29 


•  It  l«  foond  necMwry  to  add  to  the  guanUly        tS«paf«98.  ^   *    .     ,  ,    3„^ r_^ 

^  4.  p  .  B,  an  •mplrinil  correction  »  I'  40//,  ta  :  »  to  negaUTC  btc«UM  lV«\%WVoA%\»atc»t«*w%» 

M»v  f  allow  fet  tht  effect*  of  tlw  earOi'*  atinos-  I  »  -  •  »•  9Xnvi%  po»\\\x«,  \Mcmtte  i&i*  wswt 

plMTC.  iltray*  moTtt  fMXet  l\i*ii  vu«  %mt». 


244  ASTRONOMY.  [XIL  ^  1 

.*.  the  middle  of  the  eclipse  is  at        Maxth  IS*  0^  12«  4l> 
Least  distance  of  the  centres  =  /.  cos  >^  =  38'  31" 

Add  A  =  16  39 

Distance  of  moon's  exterior  edge  to  the!  _  ^^  ^^ 

centre  of  the  shadow  J 

Radius  of  shadow  =  p  +  P  -  R  +  1'  40"  =46  44 

Breadth  of  the  part  of  the  disk  not  eclipsed  =    8  26 

Part  eclipsed  =  24  52 
in  dibits  =    8**  96 
For  the  instants  of  the  beginning  and  end  of  the  eclipse 

c=  A  -R  +  p  +  P+1'  40"  =  63'  23 
Hence  the  two  values  of  /  are 

Beginning        t  =  +  Oi'- 108047  -  lb -43546  =  1»»  19"  39* 
End  /  =  +  0  •  108047  +  1     43546  =  1     32    27 

Hence  the  instant  of  the  beginning  of  the  eclipse  is 

Maich  18*  0»»  6™  12'    (the  instant  of  opposition) 
_  - ^1   19_39 

'=  March  1 7  22  46     33 

That  of  the  end  of  the  eclipse  is 
March  18    0    6™  12* 

-H I  32     37 

=  March  18    1  38     49 

This  is  mean  solar  Paris  time,  and  given  for  the  calculation  of  a  lunir 
according  to  the  custom  of  several  eclipse,  provided  we  modify  properlj  the 
French  astronomers,  counted  from  mid-  value  of  the  radius  of  the  shadow.  Noir 
night.  It  is  easy  to  see  that  the  moon  the  same  fieure  and  consideratkms  (p. 
must  have  been  above  the  horizon  of  89)  by  which  the  radius  of  the  eailh'f 
Paris  during:  the  whole  duration  of  the  shadow  at  the  moon  s  distance  were  de- 
eclipse.  The  eclipse  then  was  entirely  termined,  show  that  the  radius  of  the 
visible  to  this  town,  and  of  course  invi-  lunar  shadow,  as  seen  by  an  observer  is 
sible  in  the  opposite  hemisphere.  the  moon,  is  equal  to  the  parallax  of  the 

We  shall  not  say  more  on  this  subject,  sun  with  regaid  to  the  moon,  plus  the 

but  proceed  to  one  of  greater  interest  parallax  of  the  earth,  minus  the  appt- 

and  greater  complexity,  that  of  solar  rent  semi-diameter  of  the  sim  as  seen 

eclipses.    But  here  the  problem  sepa-  from  the  moon.    This  parallax  is  the 

rates  itself  into  two,  according  as  we  wish  apparent  semi-diameter  of  the  moon  as 

to  determine  the  circumstances  of  the  seen  from  the  earth.     Now  as  the  pt- 

eclipse  for  the  earth  in  general,  or  for  a  rallax  of  the  sun  is  extremely  small,  and 

given  spot  on  tlie  earth  s  surface.    The  may  be  neglected   without    prodneiXM^ 

former  problem  becomes  identical  with  more  than  half  a  second  of  error,  we 

that  of  lunar  eclipses,  if  we  suppose  the  shall  not  take  it  into  account,  but  simply 

moon  to  be  in  the  place  of  the  earth,  and  state,  that  the  tacUus  of  the  lunar  thadotp. 

the  converse;  the  general  question  of  as  seen  from  the  moon,  is  equal  to  tht 

an  eclipse  of  the  earth  I  y  the  moon  may  difference  between  the  apparent  semi* 

be  treated  by  the  same  formuiaj  as  those  diameters  of  the  moon  and  sun*. 


•  The  rlgoroiiM  expression  is  (A  -  1^). t:» 

p  —  I 

This  is  cn^ily  shown  :  tlie  lunar  par.nllax  uf  tlie 
earth  is  the  muon'ii  u]>pari'nt  seiui-diaincter,    ur 

i*  .  A 
A  :   the    lunar  parallax   of  the   sun    is     — '■ —  ; 

P  -  P 

the  lunar  apparent  scmi-diumctcr  of  the  sun  is 

K  .p 

:  adding  these  three  quantities  together  we 

p  -  P 


have  assigned  to  it ;  for  It  wiU  be  equal  to  the  ttr* 
restrinl  parallax  of  the  8un,ang;inented  la  tberatia 
of  the  distances,  and  diiiiinisned  in  the  ratio  of 
the  radii  of  the  moon  and  earth.  Call  tbe  radii  «f 
the  earth  and  moon  U  and  K'  renpectiveiy  ;  tbeir 
distance  Irom  the  sun  tu  the  earth  U,  to  tbe  nooa 
IV:  then  the  distances  of  the  earth  mad  mooaflraai 
the  sun  at  conjunctiuu  will  be  D,  aod  U  —  IK. 
'1  he  lunar  parallax  of  the  sua  theo  wiU  be  tqaalto 

P  .  -—   .    — i — .    Now-— 
K         D-D'  H 


K'         A 


get  CA  -  R) 


/' 


It  is  easy  to  see  that  ih'?     "     j    jj 


;,   -   I' 
lunar  parallax  of  the  sun  will  hare  the  value  we 


U 


HI  a.  i* 


.  Dr  = 


R 


ain.|» 


•  • 


D      ^ 


J>  "Of 
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Thus  too  the  radius  of  the  lunar  pen- 
umbra, a»  seen  from  the  moon,  will  be 
equal  to  the  sum  of  the  parallaxes  of  the 
sun  and  earth,  plus  the  apparent  semi- 
diameter  of  the  sun  ;  all  these  quantities 
being  calculated  for  the  moon.  Here,  as 
before,  we  neglect  the  parallax  of  the 
sun,  and  take  for  the  parallax  of  the 
earth  the  moon's  apparent  semi-dia- 
meter ;  we  thus  get  tne  radius  of  the 
lunar  penumbra^  as  seen  from  the  moon, 
equal  to  the  sum  of  the  apparent  semi' 
diameters  of  the  sun  and  moon.^ 


the  centres  of  the  moon*8  shadow  and  of 
the  earth  as  seen  from  the  moon ;  let  us 
call  it  r :  we  shall  have  c  =  S  4-  E  or 
S  =  c  -  E.  From  E  draw  E  O  per- 
pendicular to  the  axis  of  the  shadow ; 
then  we  have  E  O  =  E  M.  sin.  c  =  ES. 
sin.  S.  .*.  EM.  sin.  c  =  E S.  sin.  S  = 
E  S .  sin.  (c  -  E).  But  E  S  and  E  M. 
the  distances  of  the  sun  and  moon,  are  in 
the  inverse  ratio  of  the  parallaxes  of 


these  two  bodies,  or 


ES 


__  sm.p 


E  M       sin.  P 


or 


Let  us  suppose  that,  in  the  accompa- 
nying figure,  S  is  the  place  of  the  centre 
of  the  sun,  M  of  the  moon.  E  of  the  earth : 
the  angle  O  M  E  exterior  to  this  triangle 
will  represent  the  apparent  distance  of 


=  7j  )  the  arcs  p  and  P  being  very  small. 

Hence  p.  sin.  (c  -  E)  =  P.  sin.  c;  or 
with  the  same  approximation  p.  (c-  E) 

=  P.  c     /.  E  =  c.2-^^— . 

P 
Now  E  is  the  apparent  distance  of  the 

centres  of  the  sun  and  moon  as  seen 
from  the  earth.  Now  we  may  use,  in 
calculating  the  general  circumstances  of 
a  solar  echpse,  the  same  formulae  as 
those  which  we  have  estabhshed  for  a 
lunar  eclipse,  provided  we  substitute  for 
the  angle  c  of  page  243,  the  angle  £ 
which  measures  the  apparent  distance 

of  the  centres:  but  E  =  c.  ^ ;  we 

P  . 
have  then  merely  to  substitute  in  the 

•J  —  P 
formula  already  obtained  c  •  ^ for  c. 

We  thus  get  (see  page  243) 


t  = 


—  i.  sin.«  ^^  lb  sin.  i^ ,^/  c'  f )  "  ^*  ^^*  ^ 


n 


We  show,  as  before,  that,  at  the  middle    enters  the  lunar  penumbra ;  for  as  long 

—  i.  sin.'  ^l      .  as  the  earth  is  in  that  penumbra,  a  por- 


of  the  eclipse,  t  = 


n 


and  c  =     tion  of  the  sun*s  disk  must  be  obscured 
to  some  part  of  the  earth's  surface.    To 


(P    \  /.  COS.  ^l :  and  we  can  deter-  determine  then  the  corresponding  values 

P'-'PJ  of  /,  we  must  substitute  for  c,  the  appa- 

mine  as  before  the  magnitude  of  the  rent  radius  of  the  lunar  penumbra  as 

eclipse  in  digits.  s^n  from  the  moon  plus  the  parallax  of 

The  phases  the  most  important  to  de-  ^^^  ™oo°  i^  ^«  "^  <^y  ^^^  *^  ^^  2^^> 

termine  are  the  beginning  and  end  of  „  +  (a  +  R)— £—.  Substituting  then 
the  eclipse.    Now  the  eclipse  begins  or  p  -  P 

ends  at  the  moment  that  the  earth's  disk  this  value  o(c,  we  get 


•Inp  s       y     ;  since  Uie  arctp  and  P        « In  this  cast,  howeTtr.tbtpanlUxorthctuo  can 

•in.  p  -  tin.  P       p  -  D  hardly  be  neglected  wlUi  ufctr.    The  exact  Talne 

mn  very  «maU.    Hence,  finally,  the  lunar  parallax     of  the  radius  of  the  lunar  penumbra,  as  seen  llrom 


•f  the  sun  =  p  .  J=l   . 

p        p  -  P       P  -  P 
•nay,  following  the  same  reasoninf ,  to  see  that  the 

huiar  fcal«dlaactcf  of  the  fan  a  B  •  — i. 


iL-aJLlA.     !'»•     UieBioon,Ia(A+B)  _i^ 


P-F 


P-F 

I  It  win  be  recoUected  Uiat  the  pamliax  of  the 
moon  represents  the  apparent  radlna  of  the  earth 
firMathatNtelllto. 
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-  f.  sin.'  ^p  ±  V]"aTR  +  p  >  P}'  -  ^:  coi?T 

n 

Let  us  take  for  example  the  solar  eclipse  of  1 764,  which  hat  beea  repeatedly  tti^ 
culated.    Let  us  suppose 

Instant  of  conjunction  April  1*^  10^  3l°*  5" .    Apparent  Paris  solar  time 
Latitude  of  the  moon  at  conjunction  ^  =  +  39'  32" 
Horary  motion  in  latitude    .   .   .   .  n  =  +    2  24 

longitude     .   .   .  m  =       29  39 

Motion  of  the  sun  in  longitude  .    .  m'  =         2  27*7 
Horizontal  parallax  of  the  sun  .   .  P  =  8*8 

of  the  moon*     ;^  =        54     1*5 

Apparent  semi-diameter  of  the  moon  A  =       29  29 

sun         =        31  32 

Substituting  these  quantities  in  our  expression  for  t,  we  obtain 
Beginning  of  the  eclipse  /  =  -  0*"  14478  -  2^*73898  =  -  2*»-53"    I* 

End /=-0  -14478  +  2   '73898  =  +  2    35    39 

Middle /=— 0- 14478  =  -  o     8      1 

It  will  be  recollected  that  the  negative  part  eclipsed  amounts  to  45'  19"* 5,  or 

sign  indicates  times  anterior  to  the  con-  in  digits  5**  '3. 

junction :  the  positive  sign,  times  subse-  In  arriving  at  these  conclusions  ve 

quent  to  it.  have  supposed  the  horary  motions  of  the 

The  apparent  distance  of  the  centres  moon  uniform,  and  neglected  the  vaiia- 

of  the  e^h  and  lunar  shadow,  as  seen  lions  in  her  parallax  and  apparent  semi- 

from  the  moon,  at  the  instant  of  the  diameter ;  but  it  may  be  observed  that 

the  error  arising  from  these  circoin- 

greatest  eclipse,  is  — ^-=r .  ^.  cos.  -^  ■=■  stances  is  trifling,  and  that  there  is  no  uti> 

V  ~  P  lity  in  predicting  the  phases  of  aneelipse 

39'  27".     Now  this  distance    is    less  with  extreme  precision ;  it  is  quite  enoi«h 

p  =  54'  l"-5.  the  moon's  parallax,  which  ^^  ^^J^®  »  general  idea  of  them  to  be  pn- 

represents  the  ai)parent  semi-diameter  P*'^  ">r  *"e  observation,  which  shonU 

of  the  earth  as  seen  from  the  moon:  be  made  with  extreme  accuracy  wwellu 

consequently  at  this  instant  the  axis  of  ^^  the  calculations  founded  upon  them, 

the  shadow  fell  somewhere  on  the  earth's  Having  shown  how  to  determine  the 

surface.    The  eclipse  then  was  central  Phases  of  a  solar  eclipse  for  the  eaHh  in 

for  some  places  at  that  moment,  but  not  ^^neral,  the  next  question  that  presents 

total  \   for  the  apparent   semi-diameter  itself  is  to  determine  the  points  of  the 

of  the  sun  was  greater  than  that  of  the  «*^t^  ^^^\  ^i^^  s««  <hese  phases.    This 

moon :  it  was  central  and  annular,  the  question,  if  completely  gone  into,  is  one 

sun  s  disk  forming  a  ring  of  light  round  ^^  »ome  length ;  for  we  should  first  de- 

the  dark  surface  of  the  moon.    It  is  easy  termme  what  places  see  any  eclipse ;  then 

to  see  that,  in  other  places,  it  musthnve  ^*^^?^  yi\Mvih  see  it  annular,  and  fhoss 

been  annular  without    being    central:  which  see  it  central  and  annular;  if  the 

others  again  where  it  was  parlial  without  apparent  diameter  surpasses  that  of  the 

being  annular  or  central :   liistly,  more  ^^"»  ^^^^^  ^^ere  is  no   annular  eclipse, 

than  half  the  earths  disk  was  not  covered  ?"^^  ^'^  """st  find  those  places  which  see 

at  all  by  the  penumbra,  for  the  radius  of  **  ^o^***  ^"^  ^^o^e  which  see  it  total  and 

central.    When,  in  each  of  these  cases, 

the  penumbra  ( A  +  H).  — ^,  =  30'45",  we  have  determined  a  certain  number  of 

P  ~  1  places,  we  lay  them  down  on  a  map  of 

which  is  not  only  less  than  the  lunar  the  earth's  surface  and  join  them  by  a 

parallax   54' 1"*  5.   but   less   than  the  curve.    Thus  also  we  may  ascertain  the 

shortest  distance  of  the  centres,  39' 27",  P^^ints  where  the  eclipse  begins  when 

80  that  even  on  the  side  where  the  sha-  V^^  ^^"  ^^  i^ising,  or  ends  when  it  is  set- 

dow  passes  there  is  a  portion  of  the  disk  ^^"o»  or  where  it  ends  at  the  rising  and 

=   8'  42"  which  is  not  eclipsed.     The  begins  at  the  setting.    Again  we  might 

trace  a  hne  through  those  plsoes  whwb 

have  the  middle  of  the  eclipse  wX  risiqg. 

*  C«icu fated  for  the  iustaal  of  coitjuucUon.  ^x\^  \\^^^  Vi\\\^\\  Vvci.ve  the  middle  at  set- 
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Mag.  The  limits  of  this  (realise  do  not  how  the  two  points  of  the  earth's  surface 
permit  us  to  enter  into  these  details  -  we  may  he  found  which  come  first  and  last 
sh^   oontent  ourselves  with  showing    into  contact  with  the  penumbra. 


Let  us  suppose  that,  in  the  annexed 
figure,  S,  M,  E  are  the  centres  of  the 
sun,  moon,  and f earth  respectively:  the 
circumferences  described  round  the  two 
latter  represent  the  intersections  of  the 
moon  and  earth  by  the  plane  passins: 
through  the  points  S.  M,  E.  S'  O  N  T, 
a  tangent  to  these  two  circumferences,  is 
the  extreme  limit  of  the  penumbra,  which 
is  always  m  this  plane  and  must  be  a 
tangent  to  the  terrestrial  sphere  at  the 
instant  of  first  and  last  contact ;  conse- 
quently the  angle  E  T  ()  is  a  right  angle. 
Hence  ETS  =  90°-  STS'  =  90°-  R: 
aboTSE  =  P  .-.  ETS  +  TSE  =  90° 
-  R  +  P ;  and  since  S  E  T  is  the 
supplement  of  these  two,  S  E  T  =  90° 
-♦-  R- P. 


tion  and  of  the  last  contact ;  lastly  L 
(which  we  must  conceive  to  be  elevated 
above  the  plane  of  the  paper)  to  be  the 
point  of  the  surface  where  this  contact 
takes  place.  Join  L  E,  the  angle  L  E  S' 
is  known  by  what  has  just  preceded. 
The  first  point  is  to  find  the  angle  *  which 
the  plane  L  E  S'  makes  with  the  ecliptic. 
This  is  easily  done  ;  for  since  the  moon 
is  in  this  plane  at  the  instant  of  the  last 
contact,  which  we  will  suppose  to  take 
place  at  the  time  /'',  (counted  from  con- 
junction,) its  latitude  at  that  instant  is 
i  •{■  n  V  \  its  difference  of  longitude 
from  the  sun  {m  —  m')  /" ;  and  its  ap- 
parent distance  from  the  sun  seen  from 
the  earth  is  A  +  R  +p  -  P*:  conse- 
quently, as  these  arcs  are  very  smaU^ 

x  +  nt" 


sm.  i  = 


coa<  = 


A-t-R  +  p-P 
(m  -  m')  a* 


Let  us  now  suppose  that,  in  the  adjoin- 
ing fisrure,  £  is  the  centre  of  the  earth, 
qpVV'V  is  the  section  of  the  earth'rf 
furfiice  by  the  plane  of  the  ecliptic: 
St  S'  the  successive  positions  of  the  suo 
in  this  plane  at  the  instants  of  conjunc- 


A  +R+P-P 

With  these .  data  we  must  calculate 
the  latitude  of  the  point  M,  and  its  dif- 
fierence  of  longilude  from  the  sua.  Draw 
from  L  on  the  ecliptic  tlie  circle  of  lati- 
tude LV":  the  three  points  L,  V,  V" 
on  the  earth's  surfiftee  will  form  a  sphe- 
rical triangle  right-angled  at  V,  in  which 
we  know  the  hvpothenuse  V  E  L  =  90° 
+  R  -  P,  and  the  angle  L  V'V"  or  i 
which  we  have  just  found. 

.-.  sin.  L  V  =  COS.  (R  —  P).  gin.  i 

tan.  V'V"  =tan.(90^+R-P).cos.i 

We  may  simplify  these  expressions 
still  further  by  putting  cos.  (R-P)=  1, 
and  putting  ior  the  latter  oi  the  two, 


^  Thti  U  the  tmnt  M  Uit  %«f^«'E«^a^VM^  ^A&< 
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v^  vtf     QAo  4-  (^  "  P^'  peofijaphical  latitude  of  the  pitee.   The 

V  V    =  90  H       ^^j^—  right  ascension  of  the  sun  must  be  cal- 

.  .1         A   xrf,r#/  ^1.  .'I      I  .n  culated  for  the  instant  of  contact,  and 

Add  now  to  \'V"  the  quantify  m'  V\  subtracted  from  the  right  ascension  of 

we  shall  evidently  have  the  longitude  of  the  zenith.  This  gives  us  the  hour  angle 

the  point  M,  counted  from  V,  the  point  of  ^he  sun.  that  is  to  say.  the  time 

of  the  ecliptic  where  the  coniunction  counted  at  the  place  in  question.  As  we 

happened.    Lastly  adding  c^  V    which  have  already  calculated  this  time  accoitl- 

we  shall  cdl  A,  we  have  the  longitude  of  j^^   ^^  our  first  meridian   (Paris,  for 

M  counted  from  the  equinox.    These  example),  we  know  the  difference  of 

two  angles  LV"   and  qpV'   are  what  times  and  consequently  the  longitude 

are  technically  called  the  latitude  and  f^^^^  Paris 

longitude  of  the  zenith.    Hence  by  the        jo  apply  these  formulae  to  the  case  of 

appiwiate  formulsB.  we  may  obtain  the  the  eclipse  of  1764.  let  us  suppose  that 

right  ascension  and  declination  of    he  y,^  have  found  the  instant  of  ithe  last 

zenith.    The  latter  IS  identical  with  the  contact  with  the  penumbra.  <''=«»-59420. 

At  the  instant  of  conjunction  a  =    12°   9'  56" 

Hence  longitude  of  the  zenith      =  io2  35  15 

latitude     ....       =    33  27  35  N. 
Similarly  for  the  beginning  of  the  eclipse 

i'  =  -  2*'*88376 

Longitude  of  the  zenith  =  28 1°  45'  48" 

Latitude     .     .     .     .     =    21  59    0 
Hence  we  obtain  for  the  point  of  last  contact 

Right  ascension  of  the  zenith  =  109°  1'  55" 

D^eclination =    56  6  20 

For  the  point  of  first  contact 

Right  ascension  of  the  zenith  =        281°  5 3'  57" 

Declination =  —      1     2  39 

To  get  completely  the  position  of  the  two  points  in  question  on  the  celestial 
»|ihcre.  we  must  determine  the  geopjapl  ical  longitude  from  the  right  ascension  of 
the  zenith.     Operating  in  the  manner  explained  above,  we  have 

Firtt  contact  Lakt  coatart 

Longitude  of  the  sun  at  conjunction  1 2°  9'  56"  1 2°  9'  56" 

Reduction  to  the  moment  of  the 

phasis m'V  =  -  7     7     m'/"=  +  6  24 

Longitude  of  the  sun  at  the  moment  of 
the  phases =  12°  2' 49"  12°16'20'' 

From  these  longitudes  (supposing  the 
obliquity  of  the  ecliptic  23°  28'  31") 
the  corresponding  values  of  the  right 
ascensions  are 13°  5' 53"  13°  20' 28" 

Subtracting:  these  results  from  the  re- 
spective risrht  ascensions  of  the  zenith 
as  given  above,  we  have  the  hour 
angles  of  the  sun,  at  the  moments  of 
the  phases 2fi7°48'4"  95°41'27" 

or  in  solar  time 17^' 51"  12'  6>>  22"  46* 

These  angles  are  counted  from  the  upper  meridian  and  from  east  to  west,  from 
0^  vp  to  360^ ;  counting  in  the  same  way,  at  Paris,  the  times  were 
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at  the  instant  of  conjunction  22^  3 1»  5-  22»»  3 1»  5* 

IUductiontotheinstantofthephasisr=-2  53    1        ^'=+2  35  39 

Paris  time  at  the  instant  of  the 

phasis r=  19   38  54  1      6  44 

By  the  calculations  above  given  the 
hour  angles  of  the  sun  at  the  two 
places  considered,  are      .     .     .         17   51  12  6  22  46 

Hence  the  geographical  longitudes 
of  these  two  spots  referred  to  the 
meridian  of  Paris,  are      ...  1   46  52  18   4358 

The  latitudes  as  given  above^  .     .      -  1°  2'  39"  +  56°  6'  20" 

We  shall  now  proceed  to  the  predic-  This  equation  may  be  put  more  con- 

tion  of  the  phasis  of  a  solar  eclipse  for  a  veniently  for  logarithmic  computation 

given  place.    For  this  purpose  it  is  ne-  under  this  form.    Assume  tan.  ^  = 

cessary  to  be  able  to  calculate  the  appa-  x' 

rent  distance  of  the  centres  of  the  sun  'jT*  *^^^ 

and  moon  at  a  given  instant  as  seen  ^ 

from  the  point  in  question.    We  begin  c  = 


by  calculating  for  the  given  instant  the  ^^^'  ^ 

true  longitudes  0  and  ^ ,  of  the  sun  and  At  the  beginning  or  end  of  the  eclipse, 

moon,  their  horary  motions  in  longitude  the  distance  of  the  centres,  or  r  =  R  -}- 

m  and  m',  their  horizontal  parallaxes  p  a'  ;  if  the  eclipse  be  annular,  at  the 

and  n,  their  semi-diameters  Rand  A '.and  moments  of  interior  contact,  c  =  R  — 

the  geocentric  latitude  of  the  place  «?/.  a'  :  both  cases  may  be  embraced  under 

Alter  this  we  deduce  from  II  and  ^,  the  general  expression  c  =  R  ±  A'*, 

the  lunar  horizontal  parallax  TI'  by  means  At  these  moments  then,  c,  as  above  cal- 

of  the  formula  in  page  232.    Now  the  culated,  ought  to  be  equal  to  R  ±  A'« 

parallaxes  in  longitude,  from  the  form  of  But  as  we  do  not  know  beforehand  the 

their  expression,  are  proportional  to  the  instant  of  the  phasis,  which,  indeed,  is 

horizontal  parallaxes,  and  as  the  hori-  what  we  are  seeking,  we  must  calculate 

zontal  parallax  of  the  sun  does  not  ex-  for  every  five  minutes  during  an  hour 

ceed  S"  8,  we  may  take  it  into  account  by  l)efore  and  after  conjunction,  the  values 

substituting  for  n',  II'  -  />,  or  thediflFer-  of  c,  and  compare  them  with  the  value 

encesof  the  parallaxes  of  the  two  bodies,  of  R  ±  a';  by  observing  when  c  is 

We  now  calculate  the  lunar  paraU  greater  and  when  less  than  this  quan- 

laxes  in  longitude  and  latitude,  and  by  tity,  we  shall  have  found,  within  Ave 

addinfi:  them  to  the  true  longitude  and  minutes,  the  time  of  the  phasis,  which 

latitude  respectively,  we  get  the  apparent  may  be  found  more  nearly  by  a  simple 

longitude  and  latitude  for  the  instant  proportion,  supposing  the  change  of  ais- 

required ;  we  calculate  also  A',  or  the  tance  proportional  to  the  time.    As  the 

apparent  semi-diameter  of  the  moon,  by  whole  variation  of  A'  only  amounts  to 

the  formula  in  page  240.  18'',  we  may  calculate  this  quantity  for 

This  being  done,  we  proceed  to  cal-  the  instant  of  conjunction,  and  suppose 

culate  the  apparent  distance  of  the  cen-  it  constant  during  the  two  hours.    The 

tres  for  the  instant  required.    Now  we  lunar  parallaxes,  and  the  true  longi- 

may  alwavs,  without    sensible    error,  tudes  and  latitudes,  should  be  calcu- 

consider  this  distance  as  the  hypothe  lated  for  every  half  hour,  and  hence  the 


every  nve  minutes.    As  K  and  A'  may 
rence  of  longitudes.  be  supposed  constant  during  the  whole 
Calling  the  apparent  longitudes  of  the  interval  of  our  calculations,  the  greatest 
centres  O'  and  j ',  let  us  put  O'  w,  >'  eclipse  will  take  place  when  c  is  least ; 
=  x' ;  and  let  us  call  the  apparent  lati- 
tude of  the  moon  s  centre  /;  then  ~ 

^          I,    ,    ^,  *  Experience  tesches  us  that.  In  these  celcals- 

C^  =  ^     -f-  ^«  tlone,  It  is  necetsarr  to  diminish  the  diameter  of 

the  sun  by  3"  ■  5,  and  that  of  tha  mootk  \k>|  V<  *.  ^Oa* 

^  first  of  these  conccWona  va  a\.Vc\\kVL\KA.\n  wa,  «y\«»\ 

*  The  negaUre  sign  denotes  a  sonthem  ItUtode  )  effect  called  trradiatioa  j  VYie  \a.\Ut  ^A  ^«  ^s^Uc^^ 

ilM  posHlve  a  northcro.  of  th«  aiiii*a  T»^a  at  V\kc  «uitac«  oV  ^%  moovu 
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but  the  equation  c*  =  x'*  -  Ogives,  for  for  two  successive  epochs,  five  manilei 

a  minimuui,  distant. 

^                   .  _         •     /  -     ^''      /  '^^^  ohssrvwr  would  not  be  able  to 

xax-j-raZ-O     /.  X rfT'*'*  observe  the  instant  of  immersionp  unless 

-,,          *  1     r     ^ii-               41  it  J  he  ^^^^  beforehand  the  point  of  the 

We  may  take  for  f  the  apparent  latitude  ^^j^^  ^isk  at  which  to  look  for  the  first 

at  the  middle  of  the  echpse*;  dx'  d/.  appearance  of  the  moon's  dark  limb, 

are  the  ai)paren  motions  which  we  have  ^his  is  determined  by  means  of  what  is 

already  found ;  thus  x    »  known,  and  ^.^11^^  ,1,^  parallactic  angle,  or  the  angle 

we  may  easily  deduce  the  correspondmg  ^.^j^j,  ^^^^  ^^jj^^  makes  with  a  vertical 

value  of  c  ;  and  c  bcinir  known,  the  cor-  ^jrcle  passing  through  the  sun,  at  a 

responding  time  may  be  found  by  inter-  ^^y^^  sidereal  moment, *. 
polatmg  between  two  known  values  of  c 


Suppose  that,  in  the  adjoinincr  figure,  tations  of  tlie  fixed  stars.  la  fiict  the 
P  is  the  pole  of  the  t'quator  cyo  Q,  PM  problems  are  identical,  with  the  exetp* 
the  meridian,  S  the  sun,  Z  T  a  vertical  tion  of  three  points  ;  these  are 
circle  passing  through  its  centre.  M  the  First,  that,  instead  of  determining  ths 
centre  of  the  moon,  op  A  the  ecliptic,  conjunction  in  right  ascension,  we  ds- 
Z  S  A  the  parallactic  ans;le,  I.  Now  cyo  Q  termine  the  conjunction  in  longitude; 
=  Q  M  +  M  cyo  =  00^  +  8;  the  angle  that,  in  consequence,  it  is  necessarv  to 
at  Q  is  f,  or  the  obliquity  of  the  ecliptic :  refer  both  bodies  to  co-ordinates  of  um- 
cyD  Q  A  =  180°  -  CT)  Q  T  =  180°  -  gitude  and  latitude,  instead  of  those  of 
(90°  —  ^)  =  90°  -f-  ?  ;  where  (p  is  the  right  ascension  and  declination, 
latitude  of  the  observer.  Hence,  by  Secondly,  the  sun  will  have  no  lati- 
spherical  trigonometry,  we  may  calcu-  tude,  which  corikiderably  simplifies  the 
late  the  angle  at  A,  and  the  side  cp  A  ;  calculations;  but  the  instant  of  con- 
but  SA  =  cY5A-cY3S  -  cydA  —  0.  junction  will  be  determined  by  thedSjjj^* 
Consequently  in  the  right-angled  sphe-  ence  of  the  motions  in  longitude  oltiie 
rical  triangle  S  T  A,  S  A,  and  the  angle  sun  and  moon ;  and  to  find  the  sim*s 
at  A  are  known,  whence  we  got  apparent  longitude,  his  parallax  in  kxH 

cot.  I  =  COS.  S  A  .  tan.  A,  S**"!}?  ™"st  be  calculated. 

*  4u     •    ♦    ♦     f  *u          f    f     ♦  41  Ihu-dly,  at  the  beginning  or  end  of 

at  the  instant  of  the  contact  at  the  the  eclipse,  the  apparent  distance  of  ths 

point  w.  S  M  =  R  -f-   A  :  M  1  =  ^  ;  (jenlres  is  equal  to  the  sum  of  the  appe- 


cos.  M  S I  = 


-/.consequently  rent  diameters  of  the  two  bodies.    Ths 

U  -f  A'  latter  of  these  i.s  fuund^from  the  tables 

we  know  $  —  M  S  1  =  F  S  wi,  or  the  arc  or  Epheaieris,  and  may  be  considered  as 

of  the  solar  disk  comprised  between  the  constant  for  all  altitudes  above  the  ho- 

point  of  contact  m.  and  the  vertex  of  the  rizon.    Consequently,  the  same  formula 

sun,  F.  which  we  have  alreiuly  investigated  for 

AVe  now  come  to  the  application  of  occultations  will   serve,    provided  we 

solar  cciipscs  to  the  determination  of  sul)stitute  tor  the  diiierence  of  right  as- 

terrcstrial  longitude.     It  will  at  once  be  censions    the  ditterence  of  longitudes; 

perceived  that  this  pvol-leni   hears  the  for  the  difference  of    declinations    tiM 

greatest  analoirv'  to  t'.iat  of  the  deter-  latitude  of  the  moon;   for  the  moon's 

mination  of  the  ionjy:itii(lel)ylunar  occul-  parallax  in  latitude,  her  parallax  in  de- 

'- clinatiou;  for  her  parallax  in  right  as- 

•  The  middle  of  the  ccMi'se  is  \)\e  miiidie  of  ihe  censu)n,  the  ditt'erence  ot  the  parailaxes 

interval  belxvccii  the  two  txlerior  contacts  ;  it  i»  t,f  the  hUU  and  UlOOn  iu  loncitude  "   DrO- 

ulwavM    Tery   ucur   the    iji.«tuiit   ot    the    nieutt^Mt  'i     i      i        .u    *                ..    ^v       ^    «««^ .  i*»»^ 

eciipie.  vided  also  that  we  put  the  apparent  di»- 
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tanoe  of  the  centres  eqiud  to  the  turn  of 
the  apparent  semi-diameters.  This  hav- 
ing been  done,  we  conclude  the  instant 
of  apparent  conjunction,  and  from  that 
the  instant  of  true  conjunction,  as  be- 
fore ;  and  in  the  same  way,  from  the  in- 
stant of  true  conjunction,  the  longitude 
is  determined. 

I^et  A  be  the  apparent  difference  of 
the  longitudes  of  the  two  centres  ;  ^  the 
apparent  latitude  of  the  moon  ;  )  and 
a'  their  apparent  semi-diameters ;  then 

x«  =  (a'  +  h*  —  ^. 
Now  let  D  and  3^ '  be  the  true  and  ap- 
parent longitudes  of  the  moon,  Qand 
0'  those  of  the  sun,  ct  and  *  the  paral- 
laxes of  the  moon  and  sun  in  longitude : 
then  ^  =  ]) '  -  cr.  Now  at  the  begin- 
ning of  the  eclipse, 

©=0'-  *.  }>  =  ])'-CT,  /.  x=o'- j' 

.*.  O  -  ]> '  =  X  4-  (cy  -  t)  ; 

at  the  end  of  the  eclipse 

^  -  0  =  x-(ct-t); 

or,  generally,  if  the  true  difference  of 
longitudes  =  c,  then  we  have 

c  =  >.  ±  (d  -  ir), 
taking  the  superior  sign  for  the  immer- 
sion. 

The  phases  of  the  internal  contacts  in 
an  annular  eclipse  may  be  employed  in 
the  same  way,  if  we  substitute  the  dif- 
ference of  the  apparent  semi-diameters 
for  their  sum. 

It  is  necessary,  as  has  been  previously 
remarked,  to  diminish  the  sun*s  semi- 
diameter  3"*  d,  on  account  of  irradiation, 
and  that  of  the  moon  2",  on  account  of 
inflexion. 

]n  finding  the  time  corresponding  to 
the  arc  c,  we  regard  the  sun  as  im- 
moveable, and  attribute  to  the  moon  an 
liorary  motion  equal  to  the  difference 
of  the  motions  m  longitude.  Let  t 
be  the  time  corresponding  to  the  arc  c ; 
m  and  M  the  horary  motions  of  the 
sun  and  moon ; 

A,.      .  3600-     ,      ,    , 

thcn<  =  rj  U±(tJ— n)l 

We  may  dispense  with  the  calculation 
of  «•,  bv  calculating  cr  with  the  value 
n'  —  S",  instead  of  n',  to  allow  for 
the  parallax  of  the  sun ;  and  we  may 
then,  in  our  formula,  omit  at.  V.  page  249. 
All,  then,  that  is  required,  is  to  know 
how  to  determine  the  parallaxes  in  lon- 
gitude and  latitude.  The  formula  for 
expressing  the  effects  of  parallax  in 
rigtit  ascension  and  declination  may,  by 
a  slight  modification,  be  made  to  serve 
for  those  in  longitude  and  latitude.    All 


that  18  necessary  for  this  purpose  is  to 
substitute  for  the  hour  angle  in  the  ex- 
pression for  the  parallax  in  right  ascen- 
sion, the  difference  of  longitudes  be- 
tween the  moon  and  the  zenith,  and  the 
latitude  of  the  zenith  fbr  the  geogra- 
phical latitude  in  the  expression  for  the 
parallax  in  declination.  The  longitude 
and  latitude  of  the  zenith  are  deduced 
from  its  right  ascension  and  declination 
by  the  appropriate  formulae.  To  obtain 
these,  we  must  consider  the  spherical 
triangle ZPP^ between  the  zenith,  the  pole 
of  the  equator  P,  and  that  of  the  ecliptic 
P'.  In  this  triangle  Z  P  is  the  colatt- 
tude  of  the  place,  Z  F  the  compkoMiit 
of  the  latitude  of  the  zenith  ;  P  F^is  the 
obliquity  of  the  ecliptic. 


Let  op  l)e  the  vernal  equinox,  cyo  E 
the  ecliptic,  op  Q  the  ecjuator :  it  is  evi- 
dent that  CY3  A  is  the  right  ascension  of 
the  zenith,  op  L  its  longitude ;  the  angle 
p/pZ  =  FPcp +cf)A.  (P,itwiirbe 
recollected,  is  the  pole  of  the  great  cir- 
cle cp  Q,  and  therefore  op  A  measures 
the  angle  cp  P  A)  ;  but  P'  P  cyD  =  90® ; 
for  P  op,  being  the  equinoxial  colure, 
is  at  right  angles  to  P^.P  Q,  the  sol- 
stitial colure ;  consequently  P^  P  Z 
=  9Q9  -{-  the  right  ascension  of  the 
zenith.  Again,  P  F  L  =  P  P'cyD  - 
cp  L,  (P'  l>eing  the  pole  of  the  great  cir- 
cle cp  E)  ;  but  P  P'  CY3  =  90S  for  we 
may  consider  op  as  the  pole  of  the  sreat 
circle  F  P  Q  ;  consequently  P  P'Z  = 
90°  -  the  longitude  ol  the  zenith. 

Let  us  then  take 

P  P'     =  • 

//  Z  =  90®  -  / 
P  Z  =  90°  -  J 
J^PZ  =  GO®-f  « 

JE)  P'  Z  =  90®  -  X 

Now  apnlying  the  common  formula) 
of  spherical  trigonometry,  and  recollect- 
ing that  cos.  (90®  +  «)  =  -  sin.  «, 
we  have 
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COS.  /  s  —  sin.  A» .  COS.  ) .  sin.  •  -)-  cot.  m  •  tin.  I 

tan.  ^  .  sin.  tt  -f-  sin.  •  .  cos. «« 
tan.  X  = , 


Assume  tan.  yp  = 


COS.  « 

sin. 


tan.  ) 


then  sin.  i  =  sm.  J. -. — J — 

sm.  ^ 

.  .  sin.  (^  +  «») 

tan.x  =  tan.  «. : 

sin.  ^ 

It  may  be  as  well  to  observe,  that  the  altitude  of  the  nonai^esimal  *.    The 

what  we  have  htre  called  the  longitude  quantity  which  we    have    termed  the 

of  the  zenith,  is  often  called  the  longi-  right  ascension  of  the  zenith,  which  is, 

tude  of  the  nonagesimal ;  and  what  we  in  fact,  identical  with  the  sidereal  time, 

have  called  the  latitude  of  the  zenith,  is  is  often  called  the  right  ascension  of  the 

the  complement  of  what  is  often  called  mid-heaven. 

To  illustrate  these  formulae,  we  shall  take  the  following  example  :^ 
J    =      152°  9'   33"- 00 
/5    =  +         33     55-  70 

n  =  54       6-  75  f>   =  8"-42 

A  =  14     44-  72  )    =  15' 56'   14 

»»   =     23®   27'    48"- 1 

^   =     51     36     100 
Sidereal  time  =  8**  35"  6''17   =  124     46    32*5    =  * 

Let  the  compression  of  the  earth,  or  p,  (see  page  203.)  be  supposed  =  — . 

oUU 

Hence  the  calculations  become 

log.  p         =7-52288  n    =  54' 6- 75 

log.  (1  -p*)  =  9-9970999         log.  n        -=  3*51145  —  6-61 

log.  tan.  (p     =  0-1009945         loj;.  sin.V=  9-78608  —  p=  —     8*42 

log.  tan.  f'    =  0-0980944         log.  6''-61  =  0-82041        n'  =  53  51 '72 

^'    =  51°  24' 59" 

Hence  11'  and  f'  being  found,  we  proceed  to  calculate  with  these  quantities  the 
position  of  the  nonagesimal, 

log.  cot.  <?/  =9-9019056     log.sin.(^^  +  *')  =  9•9I51817     log. cos. (>!'+•») =9*75483 71 
log.  sin.  «  =9*8918781     log.  tan:  *       =0-0951316— log.  sin.  ^         =9*8930395 

log.  Un.^  =9-7937837     log.   sin.  -4^    =  -  9*7227655     log.  COS.  y^     =. 9-9289818 

/.    yp     =31°52'52'"4  log.  tan.  X        =0'28754  78— log.  cos.  #  =9-7188948 

•»     =23   27  48-1  X        =11 7°  17'  3"  .*•    ^   =58®  26' 4" 


.•  y^»tz=53   20  40-5  J)         =162      9    33 


.-.   J)   -  X  =   44    52   30 


•  Calling  the  h  ti.e  altitude  of  the  nonnge«Imol,  we  have 

coH.  h  =  .In.  i .  £2!Li:LLf::^ 

COS.  yf^ 
T  heing  the  geograplical  latitude. 
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Let  us  refer  then  to  the  formula  fpr       We  must  tlso  subititute  for  the  hour 

the  parallax  in  right  ascension,  (page  angle  h,  the   difference   in   longitude 

237)  and  substitute  for  <p,  the  altitude  between  the  moon  and  the  nonagesimal, 

of  the  nonagesimal,  or  i ;  for  D,  the  or  J>  -  x,  calling  J  the  moon's  longi- 

altitude  of  the  moon,  which  we  shall  call  tude.    Then  if  the  parallax  in  longitude 

fi :  then  take  be  tsj,  we  have 
_  sin.  IT.  cos.  i 

COS.  fi 

tan.  6,  =  -.^•-"'ILII'  r^L_ 

1   -  ^.  COS.  (J  -  X) 

„_q,jrn^'^)  (?«.  sin.  2  (^  -  x) 

sin.  1"  ^  2.sin.  1''  ^*^- 

cot.  #.  COS.  r  J  —  X  H-  —  j 
Again,  assume  cot.  x  =  -^^- ^ 

COS.  -- 

2 

J  sin.  n.  sin.  i     .     , 

and  n  =  : .  sin.  {x  —  fi) 

sin.  X 

then  if  w  be  the  parallax  in  latitude,  we  have 

w.  sin.  (x  -  iS) 


tan.  <r  = 


1  -  «.  COS.  (x—  ^) 

n.  sin.  (;e  "  ^)    .    ''*•  8in-2.  (;t;-0)    ,    ^ 

or  «•  =  : — h   —-: — -— h  &c. 

sm.  I"  2  sm.  1" 

Thus  also  calling  the  apparent  semi-diameter,  as  given  by  the  tables,  a»  and  as- 
suming 

cot.  i.  cos.  (  J   -  X  +  —  J 


cot.  I  = 


COS. —- 

2 


we  have,  for  the  augmentation  of  the  apparent  semi-diameter,  the  following  ex« 
pression, 

A .  «•.  sin.  1".  cot.  (i  -  ^) 

ing  manner: — Let  us  suppose  the  ob« 
Chapter  XIII.  server  placed  at  one  end  of  the  line  in 

question  to  observe  the  difference  be- 
On  the  fuse  of  Astronomical  Observa-    tween  the  azimuths,  or  the  angle  in  a 
tions  in  determining  the  Bearings  of    horizontal  plane,  comprised  between  a 
Terrestrial  Objects,  and  the  Variation    signal  placed  at  the  other  end  of  the 
of  the  Magnetic  Needle,  line,  and  some  heavenly  body,  such  as 

the  Sun,  if  the  observation  be  made  in 
It  frequently  happens  that  in  the  course  the  daytime,  or  a  fixed  star  if  at  night. 
of  trigonometrical  surveys,  or  those  Now  the  azimuth  of  the  sun  or  star 
irreat  geodetic  operations  which  have  may  be  calculated,  (supposing  the  lati- 
been  undertaken  to  determine  the  figure  tude  known,)  provided  we  know  the  in- 
of  the  earth,  it  becomes  necessary  to  stant  of  the  observation  ;  and  thus  the 
determine  the  position  of  some  given  azimuth  of  the  signal  is  immediately 
line,  such  as  the  side  of  a  triangle,  found.  In  showing  how  to  calculate 
with  regard  to  the  meridian ;  or,  in  the  azimuth  of  the  heavenly  body,  we 
other  words,  it  is  necessary  to  deter-  shall  begin  by  remarking,  that  since  re- 
mine  the  azimuth  of  this  hne.  For  this  fraction  and  parallax  both  act  in  a  ver^ 
purpose  it  is  absolutely  necessary  to  tical  circle,  they  do  not  change  the  azi- 
have  recourse  to  astronomical  observa-  muth,  and  therefore  may  be  neglected  in 
tions.    This  may  be  done  in  the  follow-^ .  these  calculation*^. 
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Let  us  unppose  that  in  the  apherictl    equator,  the  zemth,  Knd  the  iim  etr  idv , 
triangle  Z  P  S,  between  the  pole  of  the    that  Z  P  or  the  colatitude  sf,  P  S  cr  f he 

north  polar  distance  =  I,  the  hoortbgle 
Z P S  =  A,  the  aximuth  PZ  S  a  A«  and 
the  anele  Z  S  P,  which  it  teehnieany 
called  the  angle  of  variation,  =  (.  Itt 
this  triangle,  p,  ^,  and  h  are  known, 
and  it  is  required  to  find  A.  Now  the 
formulae  of  spherical  trigonometiy, 
known  by  the  name  of  Napier's  Analo- 
gies, give  us  the  following  equations: 


tan.  A  (A-f  ?)  =  cot.  —  . 

COS.  4 .  (^  —  ?) 
cos.  i  (3  +  f ) 

tan.  i.(A  —  l)  =  cot.  -^  . 

sin.  i  0  —  ^) 
sin.  i   (5  +  ^) 

In  the  case  of  the  sun,  the  hour  angle 
k  is  the  true  time,  expressed  in  degrees ; 
in  the  case  of  a  star,  it  will  be  the  dif- 
ference lH»tween  the  ri2:ht  ascension  of 
the  meridian  and  the  riu^ht  ascension  of 
the  star,  or  in  other  words,  the  differ- 
ence between  the  sidereal  time  and  tlie 
right  ascension  of  the  star:  but  the  si- 
dereal time  is  equal  to  the  apparent  solar 
lime  +  the  ri^ht  ascension  of  the  sun. 
From  the  sum,  then,  of  these  latter  quan- 
tities, we  must  subtract  the  risfht  ascen- 
sion of  the  star  to  obtain  h :  this  differ- 
ence must  have  the  negative  sign  when 
the  star  is  to  the  cast  of  the  meridian, 
and  the  positive  when  to  the  west  of  it. 

Now  mean  time    =  +  9** 

mean  AR  0  -  +  5 


Also,  if  the  sun*s  azimuth  he  em- 
ployed, it  is  necessary  to  add  or  subtract 
his  semidiameter,  as  the  case  may  re- 
quire^ :  or  if  we  take  the  mean  of  a 
series  of  observations,  this  etnrectioa 
may  be  eluded  by  observing  alternately 
the  opposite  limits. 

Let  us  proceed,  as  an  example  of  the 
formula  above  given,  to  find  the  azi- 
muth of  m  Aquilae  (to  the  east  of  the 
meridian)  on  the  9th  June,  1830,  it 
9**  18°'  mean  time  on  the  meridian  of 
Paris:  ^  is  supposed  =  41**  19'  10*. 
Tlie  right  ascension  of  the  star  is  sup- 
posed to  be  19^'  42°' 31"  •33;  and  its 
declination  8°  25'  45"-24. 


18"' 
29 


0* 
14 


AR^ 


+  14 
=   -19 


47 
43 


14 
31-3 


/.  —  hour  angle      =  -   5     15     10-19 

or  hour  angle     =  +   5     15     10'19 

Change  of  AR  0  in  9''  IS"'  =      —      1     31-42 


.-.  h  = 


)  =  81°34'  14"-8 
<f  =^  41   19  10  •() 


5 


13     38-77 


/.  —  =  39®  la'  ai'^ 

id 


log.  cot.  —   =  0-08846 


t=  0*68346 


}  -  ^  =  40  15     4  -8  /.  i  (S-?)  =  2C°  7'32"-4  log.cos.  =  9-97264  log.sin. tr  g'5366S 
J-f  <p=r22  53  24  -S       ^(^?)=G1  26  42  '4  log.cos.=  9-97943  log.sin.  =  9-943«7 

0-38167  9-6S145 

/.  loif.  tan.  \  (A  +  s)  =  0-;lslC7         /.  J  (A  +  0  =  67^26'  55" 
log.  tan.  \  (A  -  t)  =  9  ^«145         .-.  i  (A  -  5)  =  25   39     7 


a   . 


A  = 


93     6     2 


•  strilly  spcakjiij:,  wa  sliouM  rmploy  for  ihU  purpose  not  Ihe  ftemidiameter  of  Um  teblci^  b»t 
the  azimut/inl  scmiuinnieter,  whirh  is  wjual  to  the  former  divirlcd  by  the  cosine  of  Ibe  nm't  aMtodA 
But  thin  nk'vty  is  i:iinecc««<»ry.  except  in  the  must  delicate  operations. 


xtn.] 
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This,  then,  b  the  tzlnralh  of  '«  A- 
cpuliK  at  the  time  mentioned,  comitcd 
Irom  north  to  tta/i. 

The  polar  star  is  used  very  advanta-* 
geously  in  this  way  at  the  moment  of  its 
greatest  digression,  that  is,  at  the  mo- 
ment when  ft  is  farthest  from  the  me- 
ridian :  it  is  towards  this  time  that  its 
motion  m  aiimuth  is  the  least,  and,  in- 
deed, perfectly  insensible  dnring  the 
time  occupied  in  observing  a  set  of  dis- 
tances. It  is  necessary  to  calculate 
then  the  instant  of  greatest  digression : 
let  h  be  the  hoar  angle  at  this  instant,  ^ 
the  complement  of  the  latitude,  J  the 
north  polar  distance  of  the  star;  at 
the  instant  of  greatest  digression  we 
have  a  spherical  triangle  between    the 


zenith  Z,  the  pole  P,  and  the  irtar  S, 
which  is  right-angled  at  S.    Hence 

coa.  h  s  tan.  I .  cot.  f. 

From  a  knowledge  of  the  hour  angle 
the  corresponding  mean  solar,  or  side- 
real time,  may  be  deduced. 

Lastly,  the  azimuth  of  Polaris  is  given 
by  the  formula 


sin.  A  = 


sm. 


i 


sm.  p 

Thus,  let  it  be  required  to  calculate 
the  time  of  the  greatest  digression  of 
Polaris,  on  a  given  day,  for  which  the 
apparent  place  of  the  star,  that  is.  its 
place  corrected  for  precession,  aber- 
ration, and  nutation,  is  as  follows :— > 


AR  =  l^   0*  22'  -36  3  =  1°  35'  20"-27 

and  at  the  place  for  which  this  digression  is  to  be  calculated, 
<P  =  46°  52'  40" 

lo?.  cot.  p  =  9-9715130 


log.  tan.  I  =  8-4431331 

log.  COS.  h  =  8*4146462 

h  =88°  30'  40"-55 
=  5^  54™  2*  -  70 


AR  ^  =  I    0  22   -03 

AROI    =-17^2-57-48 


log.  sin.  )    =  8*4429658 
log.  sin.  f    =  9-8632617 

log.  sin.  A  =  8-5797041 

A  =  2°10'38''-51 
is  the  azimuth  at  the  di- 
gression to  the  N.  W. 


13  51  27   -25 

Acceleration  of )     ^  ,^  .^, 
thefixedstars/"^  ^^     ^^ 


13  49  11   -04    mean  time  of  the  digression  to  the  W. 


From  what  has  preceded,  it  will  easily 
be  seen  how  the  deviation  of  the  mag- 
netic needle  from  the  true  meridian  may 
be  ascertained  by  an  observer  on  land. 
In  fact,  he  has  only,  by  means  of  a  pro- 
perly constructed  compass,  to  take  the 
magnetic  bearing  of  some  signal,  and 
then  to  determine  the  true  azimuth  of 
that  signal  by  some  one  of  the  methods 
above  explamed.  The  true  azimuth, 
compared  with  the  magnetic  azimuth, 
will  give  the  deviation  of  the  compass. 
But  the  observer  at  sea  must  obviously 
have  recourse  to  other  means.  It  is  to 
be  borne  in  mind  that  for  the  purposes 
of  navigation,  it  is  unnecessary  to  de- 
termine the  magnetic  deviation  with 
mathematical  accuracy :  it  is  more  im* 
portant   to  employ  methods   that   are 


simple,  and  of  easy  practical  application. 
It  is  usual  at  sunrise  or  sunset  to  ob- 
serve the  magnetic  azimuth  of  the  sun*s 
centre*;  which,  compared  with  the  cal- 
culated true  azimuth,  gives  the  devia- 
tion. This  true  azimuth  is  easily  cal- 
culated ;  as  we  have  a  spherical  triangle 
of  which  one  side  is  the  apparent  zenith 
distance  =  90°  +  refraction  -  paral- 
lax =  {:  the  other  two  sides  are  the 
colatitude  of  the  observer,  <p,  and  the 
north  polar  distance  of  the  sun*s  centre 
A .    Hence 


COS.' 


2^  =  i+  A  +^ 
_   sin.  ^  .  sin.  (^^  -  A) 
sin.  {  .  sin.  f 


•  Bj  obterriof  alternaUly  the  oppotltc  UialM* 
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We  may,  with  suflScient  accuracy  for  points,  instead  of  from  north  and  loath. 

our  purpose,  regard  the  horizontid  re-  Hence  this  method  is  often  deiisnatel 

fraction   as  constant,  and  =  33'  45",  by  the  name  of  that  of  oriive  and  ocoo- 

and  the  parallax  =  8" ;  consequently  i  hive  amplitudes, 
always  =  DO^  33'  37".  Suppose  the  magnetic  azimuth  of  the 

Navigators  are  in  the  habit  of  em-  centre  of  the  rising  sun  has  been  found 
ploying,  instead  of  the  azimuth  of  the  =  83°  21'  14''  E.  at  a  place  whose  co- 
rising  or  setting  sun,  its  amplitude,  latitude  =  59°  56'  40";  and  that  we 
which  differs  from  the  azimuth  merely  have  found,  from  the  solar  tables  for 
in  being  counted  from  the  east  and  west  the  corresponding  instant, 

A  =  74°    13'    38" 
then 


(p  =  59 

5G 

40 

log.  sin.  ip     s  9*9372872 

^  =  90 

33 

37 

log.  sin.  i           =  9-9999792 

2  ^   =224 

43 

55 

log.sin.^.sin.J  =  9'9372664 

^   =112 

21 

^T'o 

log.  sin.  >^    =  9*9660347 

^  -  A  =  38 

8 

19-5 

log.  sin.  (^  -  A)=  9-7906848 

log.cos.«  -^   =19-81 9453 1 

•.  i«  =  35 

40 

37 

log.  cos.  -^   =  9-9097265 

«  =    71     12     14 

This  is  the  true  azimuth  from  N.  to  E. ;  subtract  it  from  the  magnetic  azimBth 
83°  21'  14",  and  we  obtain  for  the  deviation  of  the  magnetic  needle  from  the  tntf 
meridian  12°  W. 
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Cbaptxr  I.  made  in  China  and  Babylon,  the  zeal 

/Wm#^?  Amtm^y^^mm..     Tk^  i^hi^MmM  '^^^  wWch  thc  Afabs  embraced   the 

OnmUal  Atifrmomy.^The  Chinese.  ^^j^^^^  ^^  p^^,^^y^  ^^^  ^j^^  ^^  ^^ 

AfntoifOiffY  is  in  all  probability  the  astronomy  in  modem  Europe. 
most  ancient,  as  it  is  unquestionably  the  In  treating  of  the  early  Oriental'  as- 
most  perfect  of  the  physical  sciences,  tronomy,  we  are  induced  to  give  the 
But  the  very  antiquity  of  its  origin,  co-  priority  to  the  Chinese,  without  meaning 
cval  it  would  seem  with  the  earliest  civi-  to  a&in  that  the  science  is  of  more 
Uzation  of  the  East,  throws  an  obscurity  ancient  date  'among  that  people,  than 
round  it,  which  the  present  state  of  our  among  the  Babylonians  ana  Egyptians. 
knowledge  does  not  enable  us  to  dispel.  But  it  can  scarcely  be  disputed  that 
Thus  some  have  been  induced  to  look  to  they  possess  the  oldest  authentic  obser- 
the  Egyptians  or  Chaldaeans,  some  to  vations  on  record,  and  consequently  have 
the  Indians,  and  others  to  the  Chinese,  well-founded  claims  to  our  earliest  no- 
as  the  inventors  of  the  science ;  but  the  tice.  It  is  also  to  be  remarked  that  the 
truth  is,  that  notwithstanding  all  the  long  residence  of  the  Jesuit  missionaries 
learning  and  acuteness  that  have  been  in  China,  and  the  peculiar  opportuni- 
shewnm  discussing  these  questions,  the  ties  they  enjoyed  of  examining  the  re- 
ftcta  in  our  possession  are  too  few  and  cords,  afford  great  comparative  facility 
vnoomnected  to  guide  us  with  any  cer-  in  the  investigation  of  this  part  of  the 
tainty  to  a  conclusion.  That  in  some  of  subject  For  a  long  time  the  office  of 
the  nations  mentioned,  observations  of  president  of  the  tribunal  of  mathematics 
flit  hnvens,  thoueh  perhaps  rude  and  was  filled  by  members  of  this  order : 
meomplete,  have  been  made  from  the  their  assistance  having  become  indis- 
lartiest  times,  appears  unquestionable ;  pensable  to  the  Chinese  for  the  correc- 
bol  this  is  nearlv  all  that  can  safel]^  be  lion  of  their  astronomical  tables  and 
lifrTit^  Whether  any  of  these  nations  methods  of  calculation.  The  Jesuits  did 
bomsred  from  the  others,  or  all  from  a  not  fail  to  profit  by  this  opportunity  of 
common  source;  or  whether,  on  the  studying  the  history,  antiquities,  and 
olfacr  band,  there  was  no  scientific  com-  scientific  monuments  of  the  country ; 
nmiieation  between  them,  is  a  point  and  we  owe  to  their  researches  a  great 
ifMm  which  we  may  speculate  with  more  mass  of  curious  and  interesting  facts, 
or  less  probability,  but  which  we  can  ne-  Father  Gaubil  has  written  a  treatise  pro- 
ber hope  to  estabhshbevond  controversy,  fessedly  on  the  history  of  Chinese  As- 
In  a  fine  chmate  and  a  level  country,  tronomy,  which  with  another  treatise  on 
in  the  plains  of  Chaldaea,  or  the  valley  the  same  subject  in  the  26th  volume  of 
of  the  N  ile,  the  spectacle  of  the  heavens,  the  Lei  ires  Edifiantes  comprise  nearly  all 
cweiywhere  so  striking,  must  have  for-  that  is  known  on  the  subject.  But  after 
c3il^  arrested  the  attention  of  a  people  idl  it  must  l)e  recollected  that  the  learn- 
just  beginning  to  emerge  from  bar-  ing  and  diligence  of  the  missionaries  have 
Darism.  But  it  is  princi^ly  to  the  su-  been  able  to  collect  nothing  beyond  de- 
postitious  ideas  of  the  inhabitants  of  tached  observations,  and  fragments  of 
the  East  that  we  must  look  for  the  mo-  science,  which  could  convey  no  infor- 
tivea  which  induced  them  to  follow  with  mation  except  to  those  who  were  already 
somiich  care  the  varying  phenomena  of  versed  in  astronomical  calculations. 
the  iodestial  sphere.  The  Chaldaeans  The  reader  will  not  expect  a  connected 
have  been  celebrated  in  all  ages  for  history  of  the  origin  and  progress  of  as- 
thdr  attachment  to  judicial  astrology ;  tronomy  in  the  east ;  this  we  can  trace 
the  Chinese^  from  time  immemorial,  have  but  imperfectly  for  Greece,  a  country 
eonsidercd  solar  eclipses  and  conjunc-  with  which  we  are  so  well  acquainted : 
tiotts  of  the  planets  as  prognostics  of  with  regard  to  China  and  India  we  must 
importance  to  the  empire,  and  the  ob-  be  contented  with  establishing  a  few  fact s» 
scrtation  of  them  has  lieen  made  a  which,  at  some  future  time,  increased 
matter  of  state  policy.  Traces  of  a  si-  knowledge  may  perhaps  enable  us  to 
milar  belief  may  be  found  in  Egypt  and  connect. 

India ;  and  there  can  be  little  doubt  that        It  appears  that  the  Chinese,  whose 

to  a  superstition  vain  and  degradinjj^  in  annals  are  in  some  i)articulars  of  more 

itacH  m  owe  the  early  observations  than  doubtful  veracity,  cwn  \»^  >^ 
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foundation  of  the  Empire  to  a  prince  dilations  of  Father  DeMailla  ill  ttiM 

named  Fou-hi,asearly  as  nine  and  twenty  circtimstiinces  in  irerified  in  thevcar 

centuries  before  Christ;  and  ihey  refer  2461. — In  this  year»  the  spring,  wmeh 

to  the  same  period  the  institution  of  their  l9e^ns  in  China  with  the  passage  of  the 

cycle  of  sixty  years,  and  the  composition  .sun  into  15°  Aquarii.  fell  on  i&  4th  of 

of  certain  mysterious  figures,  of  which  February,  the  new  moon  on  tbs .  fith, 

we  shall  say  more  presently.    Though  and  oil  tne  9th,  the  four  plaiiett  SahiriL 

the  cycle  just  mentioned  is  purely  civil,  Jupiter,  Mars,  and  Merttu^,  Wet«|MB 

it  is  sufficiently  ingenious  to  merit  far-  the  moon,  comprised  withiit  HA  witfH 

ther  notice  in  this  place.     In  order  to  about   12^  from  15^  to  27°  PiaeitiiiL^ 

give  each  year  a  name  that  shall  indicate  But,  in  the  first  place,  Wtf  ttltiit  rtnuA 

at  once  its  place  in  the  cycle,  the  Chinese  that  these  calculations  cftniiot  iliapiM  I 

have  taken  two  series,  the  first  composed  great  confldenee :  they  were  ittadtt  witH 

of  ten,  the  second  of  twelve  monosyl-  the  tables  of  Lanire,  how  quite  Mfl- 

lables.    In  formins^  then  the  names  of  quated;  and  ereh  had  they  beettfoufld^ 

the  respective  years,  they  begin  by  com«  on  the  best  modem  tablesi  Ibr  lUcUlpl^ 

bining  the  first  word  of  the  first  series  those  of  Delambre,   Btii^hj|fdl«  tfd 

with  the  first  of  the  second  to  make  the  Lindenau,  they  would  be  opeii  tb  feain 

name  of  the  first  year  in  the  cycle ;  for  doubt ;  as  small  errors  in  the  ^HJIM^ 

the  name  of  the  second  year  they  com-  will,  in  the  coutve  of  fortr  LeiHiMlBi 

bine  the  second  of  the  first  with  the  se-  produce  deviationft  of  eonaidoyJUliiii^ 

cond  of  the  second  series,  and  so  on :  nit ude.    Besides^  a  edi4ililtetibi&  df  m 

after  ten  of  these  combinations,  the  first  planets  is  recorded,  whnens  it  i^ijplaMb 

word  of  the  first  series  answers  to  the  from  De  Mailla's  own  calculatioilii  tlM 

eleventh  of  the  second,  the  second  of  only  four  were  in  conjunction ;  this  CW- 

the  first  to  the  twelfth  of  the  second,  the  nese  text  requiring,  aceordihgto  GihiA 

third  of  the  first  to  the  first  of  the  se-  that  the  moon  be  not  induSed  illlo{|tf 

cond,  and  so  they  proceed  till  the  first  the  five  in  questiorif.    Aceoidin^  lb  Qi 

word  of  the   first    series  corresponds  last  mentioned   astronomelr^  thii  0MN 

again  to  the  first  of  the  second*.    This  junction  was  supposed,  in  Older  tOiM 

liRppens  at  the   end  of  sixty   years,  as  an  epoch  for  tne  tables.    For  ft  1^ 

There  can  be  no  question  that  this  cycle  pears  that  for  a  long  time  tli^  CIIIM6 

is  extremely  ancient ;  it  is  quoted  in  the  always  took  for  epoch  a  fletitioui  fflMU 

Chou-kinc:t ;  an  historical  work  of  which  conjunction  of  the  planets :  the  oite  tf 

some  parts  are  nearly  as  old  as  the  time  which  they  fixed  by  calctuatiiw  Uid^ 

of  the  Emperor  Yao ;  that  is,  about  wards  with  the  respeetire  tiietiinNillefli 

2,300  B.  c. ;  l)ut  there  is  some  difficulty  they  supposed  to  Mlong  to  eseh  ptoMk 

in  fixing  precisely  its   origin ;  the  Chi-  till   they  found  .the  conjuHefiiMI   tlV^ 

nese  tribunal  of  mathematics  places  the  sought|.      It  is  remarkabtiS  encHKh'nit 

first  year  of  the  first  cycle  at  the  eighty-  the  Indians  fixed  the  epoch  bf  fiieV 

first  year  of  the  Emperor  Yao$.  tables  in  a  similar  way ;  nor  is  udl  tti 

The  first  phenomenon  recorded  in  the  only  point  of  coincidence^  iii  the  tstti^ 

Chinese  annals  is  a  conjunction  of  five  nomy  of  the  two  nations; '  Both  dhrkM 

planets,  in  the  reign  of  the  Emperor  their  zodiac  nearly  in  a  similAr  ^ey,  M 

Tchuen-hiu,  which  lasted  from  about  latter  into  twenty-seveh,  the  former  iriH 

2514  to  2436  B.C.    The  conjunction  is  twenty-eight   constellations;   to    whHl 

said  to  have  taken  place  just  beyond  the  number  they  were  probably  ted  1^  db^ 

constellation  Che,  which  occupies  about  serving  the  moon's  reiroluboh  td  fils 

170    of   longitude,  and  the  centre  of  place  in  something  t)etween  til^ntj-Sif tf 

which  is  in  6°  Piscium ;  on  the  same  and  twenty-eight   days ;    subseqiMni^ 

year  spring  bes:an  before  the  first  day  of  both  seem  to  nave  become  ae^iiaiim 

the  first  moon$.    According  to  the  cal-  with  a  division  of  the  zodiac  into  '     "^ 


•  The  words  of  the  first  series  are.  Kln,Y,  Plngr,  •  On  the  9th  of  Febranr  SMl   ■.c,  (h 

Tins,  Vou,  Ki,  KenK  Sin.  Gin,  Quey ;  of  the  ae-  Btrle,  athalf-past  teven  r.H.,  nic»a  tlmi  OS 

cond,  T»e,  Tcbeuu,  Yn,  Muo,  Chin,  Se,  Ou,  Quey,  meridian  of  Paris,  the  longitDdet  of  tkc 

Chin.  Yeou,  Sii.  Hay.    The  first  year  of  the  cycle  were  ai  follows : 

would  be  caUed  Kla-Tse.  the  second  Y.Tcheon,  $   =  X  l4.S6.1i 

and  so  on  j  for  example,  the  fifteenth  wuuld  be  o    =  7t  9e,46.U 

Vou-Vn.    V.  .Soutlct.Heciieild'Observntionsfaites  J    =  3£  20-la.31 

a  la  Chine,  p.  174.          f  Soutiet,  vol.  iii.  p.  14.  5    =  ^C  ^7.  S.IS 

t  Gaubil.  in  Soucict,  vol.  li.  p.  l37.  9    s:  3f  34.89.47 


I    The  literal    tranHlniion    of   the  Qilnese  is,  De  Mailla,  Tol.  I.  pp.  cIt.  Ti.  Til.  vllfe 

'Hoc  anno  primui  lunie  prima  die  praecesserat         f  Soudet, Tol. iL pri49 
'*'*  ""' '" " *"  '-' t  8onclet,Tol.lLp.K'  ~ 


rw:  qulnquv  pJanctw  convenere  In  ca:lo  Uaii*.  %  Soaclet.  toI.  iL  p.  !«.   Tide  idao O^a  lifc 

Chine,  Tol.  1.  p.  clT.  \Q^**,^o\,iM\,'B,m.  •»»»-*«*•  aw 
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it  this  division  wm  purely  ma-  rei^  of  the  Emperor  Yao,  about  three- 

.1,  the  constellations  of  the  zo-  and-twenty  centuries  before  the  Chris- 

ming  unchanc:ed.  tian  era, — an  antiquity  still  too  ^preat 

tiumstance  above-mentioned,  to  be  easily  admitted.    We  have  seen 

er  the  Emperor  Tchuen-hiu,  that  the  beginning  of  the  cycle  of  sixty 

;aii  with  the  passage  of  the  sun  years,    ^vhich    the    common  tradition 

Lmiarii,  appears  to  Bailly  ano-  refers  to  Fo-hi,  is  fixed    by  the  Tri- 

\f  of  the  connexion  between  bunal  of  Mathematics  more  than  eighty 

lomy  of  India  and  China.  The  years  alter  the  Emperor  Yao ;  and  we 

ho  made  use  of  a  sidereal  year,  may  probably  bring  down  to  an  age  pos- 

beginning  of  their  year  at  the  tenor  to  this  prince,  the  date  of  the  Ko- 

esun  into  the  beginningofthen*  tou  and  the  ICoua,  certain  mysterious 

lich,  as  we  have  just  seen,  was  figures,  supposed  by  the  Chinese  literati 

d  entirely  by  the  fixed  stars ;  of  all  ages,  to  contain  important  astro- 

nsequence  of  the  phenomenon  nomical  truths.     Unfortunately,  these 

precession  of  the  eouinoxes,  figures,  if  they  have  any  meaning,  have 

img  of  this  zo<liac,  v.nich  was  long  ceased  to  be  intelligible,  and  the 

f  a  certain  fixed  star,  appeared  commentary  of  Con-Fu-Tso  on  them  is 

flrom  year  to  year,  at  the  rate  equally  obscure*.    The  most  eminent 

50'^  annually,  (the  Indians  literati  of  the  empire  have  in  vain  tor- 

54^0  ;  and  if,  at  some  remote  tured    their  imngination    to    decipher 

beginning  of  the  year  coincided  these  enipnatical  records ;  and,  even  in 

nnter  solstice,  some  centuries  Europe,they  have  exercised  the  inj^enuity 

ould  coincide  with  the  vernal  of  a  celebrated  philosopher.    I^eitmitz 

Now,  the  Indians  suppose,  imagined  that  he  nad  found  in  the  Koua, 

e year 3 1 02  b.  c,  the  l)eginning  which  are  groups  of  straight  lines,  some 

3diac  was  in  6^  Aquarii :  in  continuous,  others  disjoined  in  the  mid- 

of   Tchuen-hiu,  it  would  be  die,  (the  straight  and  broken  lines  being 

r  15®  Aquarii,  and  the  Indian  combined  in  a  variety  of  ways,)  a  system 

at  time  would  begin  with  the  of  binary  arithmetic    This  is  a  conjee- 

f  the  sun  through  that  spot  in  ture,  perhaps  rather  specious,  but  cliffi- 

ins.     Tliis,  as  we  have  just  cult  to  establish  by  any  solid  reasons, 

the  moment  at  which  Tchuen-  After  all,  it  is  little  better  than  a  waste 

he  beginnini;  of  the  Chinese  of  time  to  employ  it  in  speculating  on 

e  explanation  of  Bailly  is  in-  the  meaning  of  characters  which  have 

id  plausible ;  but  it  is  diflicult  long  been  unintelligible  to  those  who 

he  extreme  antiquity  which  the  enjoyed  the  best  opportunities  for  dcci- 

:his  determination  by  the  Chi-  phering  them.    There  are  more  interest- 

isarily  implies.  ing  records  of  the  time  of  Yao,  to  he 

I  Gaubil  rejects  the  conjunc-  found  in  the  Chou-king,  an  extremely 

;huenhiii,  he  seems  to  think  ancient    work,    one  chapter  of  which, 

beginning  of   civilization    in  called  the  Yao-tien,  is  said  by  Gaubil  to 

id  the  earliest  observations  of  have  been  composed  either  in  the  time  of 

are  at  least  as  old  as  this  this  emperor,  or  very  shortly  afterwards  t, 

though  later  than  the  time  at  From  a  passage  ot  this  chapter,  it  very 

i-hi  is  placed.    For  it  would  clearly  appears  that  the  solar  year  was 

the  stars  Tay-y  and  Tien-y  of  tixedat  the  length  of  36  5^  days.andame- 

«  catalogues  have  been  succes-  thod  of  intercalation  adopted  to  reconcile 

BTved  in  the  pole.    It  is  not  the  motions  of  the  sun  and  moon.     Un- 

mtify  either  of  these  stars  with  fortunately,  the  intercalation  used  is  not 

ined  in  the  modem  European  explained ;  but  Gaubil  thinks  that  it  was 

*;  but,  according  to  Gaubil,  the  insertion  of  seven  months  in  nineteen 

as  in  the  pole  about  the  year  solar  years, — a  period  which,  according 

second  about  2669  B.C.    But  to  him,  has  been  known  in  China  from 

0,  the  star  «  Draconis  was  polar  the  most  remote  antiquity  %.    In  this  he 

1,  however,  is  not  marked  as  is  confirmed  by  the    Chinese  annals, 
en  such  in  the  Chinese  sphere,  which  attribute  directly  the  intercalation 

Gaubil  deduces  that  their  ob-  in  question  to  the  Empvror  Yao  ^S.  Itisre- 

.  are  subsequent  to  this  tnne.  •  souciet,  toi.  m.  p. ».  «<  «f«. 

ing    to   the  opinion    of    the  t  Soacict,  toi.  iu.  p.  6. 

f   01  ODina  begins    Wltn    tne  tirenty-nineandUi\ilydit)»>  «»c^vko«Aki^n««^QM 
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markabletbat  thisperiod  of nineteenyears  itself,  and  itill  more  lO  from  tkt 

seems  to  have  been  known  at  an  early  stances  which  are  recorded  m  attendiBg 

time  to  most  of  the  eastern  nations.    We  it.    It  is  said  that  the  emperor  vai  n 

shallfinditinthetablesoflndiaandSiam;  irritated  ac^ainst  two  great  offieen  of 

and  we  have  the  testimony  of  Gcminus  state,  who  had  neglected  to  pradiet  tht 

to  its  beins:  used  amon^  the  Chaldaeans.  eclipse,  that  he  put  them  to  death  on 

According  to  Gaubil,  the  invention  this  account ;  though  some  writers  hue 
of  the  Chinese  zodiac,  divided  into  insinuated  that  he  was  influenced  by  po- 
twenty-seven  constellations,  is  to  be  litical  motives,  for  which  t^e  negtoctof 
referred  to  Yao* ;  and  so  it  would  seem  the  prediction  merely  served  as  a  pre- 
]s  the  estimation  of  tlie  obliquity  of  text.  It  would  be  a  most  cnrioui  and 
the  ecliptic  at  twenty-four  Chinese  de-  important  fact,  could  it  be  cleaily  made 
meH'T.  It  is  necessar\'  to  explain,  that  out,  that  in  the  time  of  Tchong-kani^ 
tne  Chinese  decrees  difTor  sliirhtly  from  the  Chinese  had  methods  for  the  ne- 
ours:  instead  of  dividini;  the  circum-  diction  of  eclipses :  as  to  the  methoa  it- 
ference  of  the  circle  into  ^no^,  they  have  self,  there  would  be  little  donbt  that  it 
divided  it  into  3G5}  parts ;  the  object  of  was  by  means  of  the  period  of  nineteea 
'which  rather  singular  division  seems  to  years.  Unfortunately^  there  is  some  dif- 
have  been  to  facilitate  the  calculation  of  Acuity  in  verifying  this  eclipse,  as  there 
(he  sun*s  lon{::itude,  corres])onding  to  is  an  uncertain^  about  the  date  of 
each  day  of  the  yearly,  tor,  as  they  Tchong-kang,  amounting  to  twenty  or 
supposed  the  motion  of  the  sun  in  its  thirty  years.  Father  Gaubil.  who  has 
orbit  to  l>e  uniform,  and  as  they  had  wTitten  a  dissertation  expressly  on  tint 
fixed  the  lenp:th  of  the  solar  year  at  3G5i  eclipse,  fixes  it  in  2155  b.  c.* :  the 
days,  it  is  evident  that  the  sun  would  Chmese  annals,  translated  bj^DelfaiBi. 
describe  daily  exactly  one  Chinese  de-  in  2 159 1:  most  of  the  Chmese  aibo- 
gree.  It  is  evident,  from  the  text  of  nomers,  particularly  Coeheoa-kn^fhe 
the  Chou-kinir,  that  in  the  time  of  Yao,  greatest  of  them  all,  in  2128.  Aoeori- 
not  only  could  the  Chinese  distinfi:uish  ing  to  Gaubil,  the  eclipse  was  obsMfrf 
the  equinoxes  and  solstices  by  the  length  in  the  constellation  Fanff,  (oorresponte 
of  the  days  and  ni^^hts,  but  that  these  to  Scorpio,)  in  the  ninth  moon:  thn^ 
phenomena  were  marked  by  a  reference  it  is  to  oe  noticed,  that  the  literal  tnsi- 
to  certain  stars.  The  text  docs  not  lation  ofthe  text,  as  giyenby  DeMsiDi, 
mention  how  these  stars  mark  the  pas-  places  it  simply  in  autumn.  Aora  i 
saire  of  the  sun  through  the  colures ;  comparison  ot  all  the  authorities,  it  ii 
with  regard  to  the  winter  solstice,  and  evident  that  we  may  fix  it  near  the  SB- 
•perhapsthc  two  equinoxes,  it  apj^ears  tumnal  equinox,  in  the  fifth  year  of  tte 
that  they  desijmatcd  them  by  their  pas-  reign  of  the  Emperor  Tchong^kaw  TO* 
sage  over  the  meridian  about  six  in  the  question  is,  to  find  exactly  theSte  of 
evening :  but  as  the  stars  are  not  visible  this  emperor.  Now,  the  text  of  the  bb- 
at  six  at  the  summer  solstice,  liailly  cient  book,  the  Chou-king,  does  not 
supposes,  that  to  niark  this  season,  they  enable  us  to  do  this  with  precision ;  bat 
took  Antiires,  which  thon  passed  the  the  Tcheou-tchou,  a  work  of  less  anti- 
meridian  about  eiirht  in  the  evening  $.  quity,  though  still  very  old  J,  refen  the 

Thereiirn  of  the  EmperorTchon^-kang,  eclipse  in  question  to  the  year  212^  ssd 

the  grandson  of  Yao,  is  memorable  in  even  fixes  the  veiy  day  on  "the  fiist  d 

Chinese  history  from  the  observation  of  the  ninth  moon}.    This  date»as  GashO 

a  solar  eclipse,  which  is  interest  ins:  in  admits,  is  preferable  to  any  other;  Imt 

name  of  the  ^^n  h'to  whi(  h  tlie  hui.  enter.>d  at  Its  J?®  rCJCCtS  it  iu  faVOW  of  the  year  2155. 

end.    When  a  immth  linishod  wltlioiit  the  Kun'«  l)ecaUSe  the  tables  of  Halley  glYCf  Ott  tlK 

CTtering  iiit(»  the  Mipn  of  which  it  bore  the  name,  former.  Only  a  veiv  Small  ecUDse  of  not   \ 

then  they  iiitrrc-ul.ited  n  ninntti.  .(         '    |.    ..•'       «         ■     i»  *^^  T-       1 

•  The  Chincie  a»tronoinerH  In  Koncral  fix  the  be-  ^OTC  llian  a  dipt  and   a  half,      Bot  tlWl     ] 

gfnning  of  their  zodiac  in  the  coiiHtoiiation  Hiu  arsTument  caunot  be  decisive.  as.  in  Cll- 

Cfrom  lyo  to  '2i)'-  AquarilK  now,  in   the  time  of      : __L-— — 

Yao.  the  winter  nolHtioe  \vn»  certainly  in  this  con-  •  Souciet,  Tol.  It.  p.  140. 

Bteilation  :     hence  (i aultil  conHidcrs   Vao  ns  the  f  Vol.  1.  p.  I'ST. 

founder  of  the  Chi  nose  astronomy,  it  being  highly  t  Certainly  not  later  tlian  979  b.  c. 

priibable  that  nri^rinaily  the  winter  solvticc  coin-  f  l.'Uh  Oct.  21!Mb.  c    It  U  to  be  Dotfcfd.  tkrt 

cldi>d  with  the  origin  of  the  zodiac.  the  text  of  the  Choa'kioK  immj  dlflcnBlir  iniM- 

t  Kqiial  to  '2:r  ,it>' U" of  nur  divimion.  latcd  by  Ciaabll  and  by  De  Mama  (voL  Lp.  IX") 

i  Carlini,  Tavole  del  Sole,  p.  1.    Milnnn,  1810.  According  to  the  latter,  the  ecllpae  wm  boC  oimly 

tin  this  caxe,  tlie  Mtar  II  o,  mentioned  by  Yao  near  the  eqainox,  but  on  the  very  day.    Thta,  If 

a«  markinfr  the  Nuniiner  •'oNiice,  would  correspond  true,  would  quite  exclude  the  ecllpw  of  SlSd^  and 

to  the  modern  con^tti-llatioti  Sin^:.  and  not  Fung,  aa  force  us  to  remount  to  that  of  2I&9;  tat  WC  prtAr 

It  in  explained  by  the  Chinese  interpreters.    V.  following  the  interpretation  of  UaabU.  wkeirat 

B»Jlly,  Hifit.  del'Axtron.  Anclenne,Suv\)l.p.^U  *,  not  merelT  a  good  aatronomer,  bat  pi«flBaBd|f 

ttnd  Gaubli  in  :f  oucitt,  vol.  Ul.  p.  b,  ^«nft^VaX\M  ^t^AMtwadlUadMoaluia^Hi 
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eulating  for  inch  remote  periods  from  to  the  data  here  ^ven,  the  proper  cor- 
the  best  modem  tables,  (and»  ii  fortiori,  rections  for  the  sun*8  semi-diameter*,  re- 
flrom  those  of  Halley.)  it  is  impossible  fraction,  and  parallax,  we  get  for  the  re* 
to  be  certain  of  the  magnitude  of  the  spective  zenith  distances  observed,  10^ 
eclipse,  the  imcertainty  may  amount  to  53'  7"  and  58°  40^  46".  Half  the  sum 
some  dibits ;  and  in  fact  the  tables  of  of  these  quantities  will  give  us  the  lati- 
Lemonnier  give  an  eclipse  of  more  than  tude  of  Loyang, — half  their  difference, 
four  digits  *.  These  considerations  seem  the  obliquity  of  the  ecliptic  observed. 
pretty  decisive  in  favour  of  the  year  The  former,  then,  we  find  34^  46' 55",  and 
21 28,  if  indeed  such  an  observation  ever  the  latter,  23°  53'  47''.  Now,  the  latitude, 
were  made;  to  which  its  extreme  anti-  as  determined  by  the  observations  of  the 
quity,  and  the  long  silence  as  to  any  missionaries,  is  34°  46'  ]  5"  t :  the  obli- 
similar  observation  which  follows  it,  quity  of  the  ecliptic,  calculated  for  the 
form  very 'weighty  objections  t.  year  1 1 00  b.c.  from  the  formula;  founded 
Indeed,  admitting  the  eclipse  of  on  the  theory  of  universal  gravitation,  is 
Tchong-kang,  it  seems  quite  inexpli-  23°  49'  42".  The  agreement  of  the  la- 
cable  that,  during  the  ten  centuries  fol-  titude  and  obliquity  deduced  from  the 
lowing,  not  a  single  obser\'ation  or  fact  observations  of  fchou-kong,  with  those 
connected  with  astronomy  is  to  be  found  just  given,  is  really  remarkable ;  and  it 
in  the  old  Chinese  histories  :J:.  This  is  easy  to  show  that  this  aio'eement  could 
circumstance  will  probably  appear  to  not  be  the  result  of  artifice ;  for  at  the 
many  conclusive  against  the  early  science  time  Gaubil  wrote,  not  only  was  the  law 
of  the  Emperor  Yao,and  his  immediate  of  the  diminution  of  the  obliquity  un- 
successors ;  and  any  scepticism  on  this  known,  but  the  very  fact  of  such  a  di- 

£oint  must  be  considered  as  very  justi-  minution  was  much  doubted :  he  could 

able.    But  in  the  regency  of  Tchou-  not  then  have  fori^ed  observations  to 

JconiB^,    about    eleven   centuries    before  represent  it.    But  indeed  such  a  suspi- 

Chnst,  we  meet  with  observations,  of  cion  is  not  likely  to  enter  the  minds  of 

the  authenticity  of  which  little  doubt  can  those  who  are  mmiliar  with  his  works. 

be  entertained,  and  which  arc  among  The  good  faith  of  the  Chinese  is  much 

the  most  interesting  transmitted  to  us  more  doubtful;    but  the  argument  we 

by  antiquity.    It  appears  from  a  memoir  have  just  used  with  regard  to  the  Jesuit 

of  6aut)il,  first  printed  in  the  Connoin'  will   apply  with   much  more  force  to 

Moncc  tUis  Temps  for  1809,  that  at  the  them. 

town  of  Loyang,  now  called  Ilon-an-fou,        We  have  also  some  observations  of 

Tchou-kong  found  the  length  of  the  sha-  Tchou- kong  on  the  position  of  the  winter 

dow  of  the  gnomon}  at  the  summer  sol-  solstice,  with  regard  to  the  fixed  stars. 

■tice  equal  to  one  foot  and  a  half,  the  This  he  placed  at  two  Chinese  degrees^, 

Siomon  itself  being  eight  feet  in  height  within  the  constellation  Nu,  which  be- 

ccording  to  a  tradition  not  quite  so  gins  with  the  star  called  t  Aquarii }  • 

eertain,  the  shadow  at  the  winter  solstice  Hence  it  appears  that  he  made  the  right 

vras  thirteen  feet.    The  exact  date  of  ascension  of  that  star  about  268*^  1' 44". 

these  observations  is,  not  known  ;  but  If  we  calculate  the  place  of  the  star  for 

vre  may  suppose  them,  without  any  sen-  the  year  1100  b.  c,  from  the  most  ac- 

sible  error,  to  have  t)een  made  about  curate  formulae,  we  shall  find,  for  its 

the  year  1100  b.  c.||    Applying,  then,  right  ascension,  268'' 47' 14''.    The  error 

"VLii^-iSTf;  v7x1^.  p."^"9:"^ari.. »  not  great,  considering  the  uncertainty 

i  Compare  La  Place  ( Sy.t.  du  Uonde,  lir.  r.  as  to  the  exact  year  of  the  observation, 

cbap.  10    ueianib.  Aat.  Anc.  vol.  I.  p.  35^.  and  the  difficulty  of  referring  the  solstice 

X  A  aoutice  marked  aa  having  becu  ubs«rved  in  4^  it,,.  £'„^a  .4»I<.       \\t^  a^  U^*  i.>^...  *u^ 

the  year  1643  b.  c,  appeara  tu  &  a  culculatiun  of  ^0  the  fixed  stars.      We  do  not  knOW  the 

mucb  later  aHtroitoniera,  and  iutcrpolated  from  a  method    employed    for  this  purpOSe  by 

pkriud  proposed  bv  the  aatronomera  of  tlie  liana,  Tchou-konir       The  ancient  Chinese  ccr- 

A  mtle  before  the  Chriatian  era.  For  a  long  aerlea  of  f^  . "?"  Kong.      X  ne  antieni  ^ninese  cer 

aJniUr  auppoaitltloua  iiolaticea,  aee  Con.des  Tempt  tainly  USed  ClepsydrSB  ior  the  diVlSlOn  01 

lionrlHlv.    Addit.    They  all  accm  tu  have  been  time:    and    the    obvioUS   inaccuraCV    of 

;«ty:fx1eSS;?  "^^  ^''"^  "   ""'""  "^  •*•  »uch  an  instrument  would  account  for 

t  The  gnomon  la  eaaentlally  compoard  of  aome  a  large  part  of  the  error,  i 
Tertlcal  object,  aa  au  obellak, pillar,  &c.p  die  abaduw  a    curious  frjurment  of  the  Tchou-npv 

CMt  by  which  la  received  on  a  vatefully  levelled  ho-  ^  cunous  iragmeni  OI  uie  icnou-pey 

riaonlal  plane  :  the  trigonometrical  tangent  of  the  —a  WOrk  Written  morC  than  three  Cen- 

•aD*a  apparent  altitude  la  equal  to  the  length  of 

tha  shadow  divided  bv  the  length  of  the  gnomon.  4         •  Till  the  time  of  Cocheou-king,  a.i>.  1280.  the 

,    I  tiinu  In  accordance  with  Gaubil,  plavea  the  Chineae  only  meaaured  the  length  of  the  pure  aha- 

regency  of  Tchou-kong  from  IIO4  lu  lUtW  (Conn,  dow.— V.  Uaubil,  C'(iNfio<««ttHCcdeaTeinp«,ViKr^, 
dca  Tempa  pour  1811.    Add.  p.  4\i2).    The  Chlueie         t  V.  Conn,  dea'lemva,  Vt)M9,  ^.;Vi4. 
•onaU  make  il  begin  in  U16.  V.  Pe  MftilU,  rol.  1.        x  Each  degree  -^  W  b"  ot  out  <lVn\i\q^. 
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turies  before  Christ — has  been  supposed  as  the  year  108  B.C.,  fune  ftiB  in  cnt- 

to  attribute  to  a  philosopher  contempo-  ence ;  bat  the  reader  who  witHea  U>  IQ- 

rary  with  Tchou-Kong^  a  Knowledge  of  the  vestigate  then:  tablea  and  methodic  ii 

famous  property  of  the  ri^ht-angled  tri-  refieiTed  to  the  treatises  of  Qanbil  on 

anirle.    In  this  frasrment,  the  philosopher  this  subject,  m  the  second  and  third 

mentioned  concludes,  that  if  the  two  sides  volumes  of  the  collection  of  Sooeiet 

of  aright-angled  triangle  are  respectively  We  shall  only  notice  here  the  method 

equal  to  3  and  4,  the  base  will  be  equal  of  establishing  their  epochs,  followed  by 

to  5.    Here  we  must  remark,  that  the  all  the  Chinese  astronomers,  anterior  t( 

numbers  3  and  4  are  not  taken  at  ha-  Cocheou-king,  above  mentioned ;  vA 

zard,  but  selected  from  some  mysterious  we  will  take,  as  an  example,  the  tresr 

connexion  supposed  by  Con-fu-tso   to  tise  of  Lieou-hiu,  the  most  ancient  of 

exist  between  these  numbers  and  the  those  now  extant    The  epoch  of  th^ie 

universe*.    Gaubil  concludes,  that  in  tables  is  a  general  coijiuiction  of  the 

the  time  of  Tchou-kong:,  the  Chinese  sun,  moon,  and  planets,  the  moon  being 

had  methods  for  the  resolution  of  ris^ht-  on  the  ecliptic,  about    143127  jeais, 

antrled  triangles,  though  spherical  trieo-  before  the  year  104  B.C.*    TfoM  latter 

nouietry  was  unknown  to  them  till  the  seems  to  be  the  real  epoch  of  his  taUes: 

time  of  Cocheou-king,  twelve  centuries  the  other,  it  is  scarcely  necessary  to  ob- 

after  Christ.  serve,  is  obtained  by  calcuUding  })§iek 

The  history  of  Con-fu-tso,  which  ex-  from  the  year  104  b.c.,  with  the  qwao 

tends  from  720  to  481  b.  c,  records  motions  found  for  the  different  pl«iet% 

several  eclipses,  of  which  a  good  many  till  a  general  conjunction  was  optained. 

have  l)een  veritied  by  modern  astrono-  This,  as   we   have   noticed^    was  the 

mers;    others    appear   to    have    been  method  usually  followed  by  the  Cluoese ; 

marked  in  the  wrong  month ;  from  the  but  sometimes,  in  order  to  avoid  such 

rough  way  in  which  all  are  given,  they  large  numbers  as  that  just  j;;iven«  thej 

can  only  serve  to  fix  the  dates  of  Chi-  would  content  themselves  with  a  Teijf 

nese  chronolo&ry,  and  to  show  the  assi-  rough  approximation  to  a  general  coih 

duity  with  which  these  phenomena  were  junction,  and  neglect  the  errors  ari^g 

nolicod  at  so  early  an  age.    The  most  on  the  mean  motions,  as  too  small  tS 

interesting   observation   of  this  period  be  noticed ;  which,  if  the  epoch  wers  tt 

regards  the  position  of  the  winter  sol-  all  distant,  they  would  really  be*    The 

tice,  which  was  placed  in  the  be&;inning  pretended  general    conjunction   in  the 

of  the  constellation  Nii^ou,  the  first  star  reign  of  Tchuen-hiu,  above  noticed,  is, 

ofwliii^hwas/sCapriconii.  Now,  as  there  in  all  likelihood,  an  epoch  obtained  ia 

can  be  no  duubt  that  the  astronomers  this  way.    In  the  astronoiQy  of  lAeoa- 

who  found  this  position  of  the  solstice,  hiu  we  find  the  cycle  of  nineteen  years 

were  acquainted  with  the  observations  very  clearly  explained ;  and,  indeed,  not 

of  Tchou-kong,  who  placed  it  at  2°  from  only  this,  but  the  period  of  seventy-sii 

I  Aijuarii,  nearly  9°  of  longitude  distant,  years  proposed  in  Greece  hy  Callippu^, 

it  seems  evident  that  they  must  have  was  known  in  Clmu  before  the  ChnsnaQ 

perceived  the  apparent  retrogrjidation  acrat- 

of  the  solstices  and  equinoxes.  Such  is  It  seems  that,  about  the  year  164  after 
the  conclusion  drawn,  and  apparently  Christ,  the  Chinese  began  to  have  eom- 
with  reason,  by  Gaubil  -i*  and  La  Placed;  munication  with  subjects  of  the  Romsa 
but  in  this  case,  it  seems  strange  that  empire  1 1  &nd  it  is  worthy  of  noticei 
the  astronomers  of  the  Hans,  two  that  very  shortly  afterwards  aonse  im- 
ceuturies  before  Christ,  should  have  portant  reforms  were  made  in  their  m- 
been  ignorant  of  the  ettects  of  preces-  tronomy.  They  now  ascertained  the  ee- 
sion.  centricity  of  the  solar  orbit,  the  prin- 
Subsequently  to  this  time  the  Chinese  cipal  inequality  of  the  moon,  and  a  non 
astronomy  ceases  to  possess  the  same  exact  value  of  the  solar  year;  and  we 
interest  for  us :  as  it  has  always  re-  now  find,  for  the  drat  time,  a  dietinet 
mained  in  so  rude  and  imperfect  a  state,  account  of  precession;  a  phenomenon, 
that  nothing  but  the  antiquity  of  the  de-  however,  with  which  we  believe  ttiey 
terminations  to  be  found  in  their  books  must  have  been  acquainted  long  befoiSi 
could  make  them  worlliy  of  attention.  That  some  of  the  discoveries  just  men- 
Complete  astronomical  treatises,  as  early  tioned  were  introduced  from  the  west  ii 
"Lett.  FA.  p.  ur.  TiiT  uumher.  3.  4.  and  5,  ^^J^  J?  conjecture ;  but  it  is  ^eoMu% 

niuUipUed  into  uach  other,  give  (iu— tUe  uumber  uf  WnlCil   derives  COnsiaerable   lOroe  lltMn 
yearn  ot  ihe  Chiuctso  cycle.  ' 

/  LetL  Ed.  xxvi.  p.  2 17.  od.  Paris,  *  Souclct,  TOli  U.  p.  IS. 

t  Mecaa,  CclMt.  rul.  v.  p.  244.  \ \\i\!^« v^'KV^  %wUh ?•  M. 
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the  oireumstance,  that  durin?  the  whole  appears  that  the  epoch  of  these  tables  is 
Intenral  between  the  second  and  thir-  the  2l8t  of  March,  638  a.d.,  at  the  mo- 
teenth  centuries  after  Christ,  the  Chi-  ment  that  the  sun  entered  the  be^n- 
nese,  though  continuing  to  observe  with  nin^of  the  zodiac ;  for  the  Siamese,  like 
assiduity,  made  httle  or  no  progress,  all  the  Indians,  had  a  zodiac  of  twenty- 
and  certainly  not  one  discovery.  Their  seven  signs  or  constellations,  the  position 
greatest  improvements  did  not  go  be-  of  which  was  entirel)r  determined  by  the 
yond  some  trilling  ameliorations  in  the  fixed  stars,  and  which  had,  from  the 
elements  of  their  tables.  Those  who  eficcts  of  precession,  a  protrressive  mo- 
feel  any  curiosity  to  examine  their  ob-  tion  in  londtude,  successively  occupyimi: 
servations,  will  find  in  the  works  of  different  situations  with  regard  to  the 
Gaubil,  edited  by  Souciet,  and  in  the  equinox.  They  had  also  a  division  of 
Connoisiance  cUis  Temps  for  1809,  a  the  zodiac  into  twelve  sii;ns,  but  this 
considerable  quantity  of  observations  of  seems  to  have  been  merely  an  abstract 
solstices  made  with  the  gnomon,  and  of  mathematical  division  for  purposes  of 
solar  eclipses ;  with  some  notices  of  oc-  calculation;  and  these  twelve  sii^ns 
cultations,  of  comets,  and  of  appulses  of  were  by  no  means  identified  with  any  of 
Jupiter  to  the  fUed  stars.  Oi  these  the  the  constellations.  The  epoch  once  de- 
most  important  are  the  observations  of  termined,  the  Siamese  calculate  the  mean 
the  gnomon ;  some  of  which  have  been  motions  of  the  sun  and  moon  by  means 
used  by  La  Place  to  determine  the  di-  of  two  periods ;  the  first  of  800  years 
minution  of  the  obliquity  of  the  ecliptic  comprising  202207  days ;  the  second,  of 
to  the  equator.  19  years  corresponding  to  235  lunar 
The  conquest  of  China  by  Gent-Chis-  revolutions.  The  first  gives  us  a  sidereal 
khan,  who  brought  with  him  men  well  year  of  365**  G**  12"  30',  about  3"»  24" 
versed  in  the  astronomy  of  Ptolemy  and  greater  than  the  real  value:  in  the 
the  Arabs,  gave  a  fresh  impulse  to  tiie  second  they  appear  to  have  taken  the 
languid  state  of  the  Chinese  astronomy ;  tropical  year  as  ecpial  to  3G5f  davs ;  the 
but  the  ameliorations  tiien  introduced  lunar  revolution  being  supposed  equal 
belong  rather  to  the  history  of  the  mid-  to  29'*  12*^  44-  3\ 
die  ages.  It  is  time  now  to  turn  to  a  The  tables  of  Chrisnabouram*  offer 
people  whose  astronomical  reputation  little  remarkable ;  we  do  not  find  in  them 
IS  greater,  though  perhaps  less  deserveil,  the  Siamese  period  of  nineteen  years, 
than  that  of  the  Chinese.  but  a  method  of  intercalation,  which 

has  the  same  object.    The  solar  apogee, 

CiiAPTBR  11.  which  the  Siamese  consider  fixed,  is 

The  Iftdiiifia.  1?®'^  supposed  moveable,  though  its  mo- 

-         ,          ,           i_        1         I-          1  bon  IS  slower  than  it  ought  to  be,  ac- 

Soif  B  learned  men  have  l)een  disposed  wording  to  our  observations.    The  mean 

to  uttnbute  an  extraordinary  antiquity  ^^tiong  differ  very  considerably  from 

!o  the  cultivation  of  astronomy  m  India.  ^1,^3^  ^f  the  Europeans;  but  it  is  re- 

This  opinion,  which  is  founded  upon  the  markable  that  tlie  error  for  the  sun  and 

elements  of  astronomical  tab  es  brought  ^^  the  moon,  in  a  given  interval,  is  the 

fipom  India,  has  been  supported  at  great  ^^^^^  ^^  th^t  the  calculation  of  the  time 

length  and  with  much  ingenuity  by  M.  ^^  ^^  ^,i        ^,,1^4,  ^^^,^3  ^^  ^  ^^^ 

Bailly.  m  a  work  professedly  on  this  principal  object  of  all  the  Hindoo  astro- 

subject ;  which,  though  it  may  contain  nomers,  is  little  affected  by  it.    The 

erroneous  conclusions,  must  always  be  epoch  of  these  tables  is  fixed  at  sun-rise, 

considered  as  a  model  of  elegance  in  ^n  the  10th  of  March,  1491  a.d.    The 

scienti^  composition.     The  tables  m  tables  of  Narsapur  resemble  a  good  deal 

which  the  elements  of  the  Indian  astro-  ^^^^^  ^f  ^,^^.  ^^     ^^^^^  the  same  pe- 

nomy  are  to  be  found  have  been  brought  ^od  of  800  years  containing  292207 

into  Europe  at  various  times :  the  earliest  j^ys  ;  but,  instead  of  tiie  second  iieriod 

known  were  those  im^wrted  from  Siam  ^f  the  Siamese  Tables,  they  cafoulate 

by  M.  de  la  Loubere.  the  French  envoy,  j^e  moons  motion  directly  by  supposing 

on  his  return  from  a  mission  to  that  that  she  makes  800  revolutions  in  21  a:> 7 

country  about  the  vear  1687.     These  ^          This  gives  a  sidereal  revolution 

tables  have  been  analysed  and  explained     _i 2 

2}f  D.  Cassini  (in  the  MemoireS  de  t'Aca-         •  sent  from  InUla  by  p.  l>uch«mp.    Cbrltnabuu. 
imie  dee  Sciences,  tom.  viii.),  and  his    ramb«t«wnofthcCarnoiic:  Nv>apur  u  tutha 

«*«%1»i<i4«/in  lioa  hioan  tt/lnntpH  with  BnmA      ^^c^n'^Y  «'  Majwulipotiiem  i  Tlrvtlore  U  near  Pon- 
ezplanatlOn  has  Deen  aUOptea  Wlin  some      dtcherry.     Tb«  orTgiiml  tranhlatlon  of  table*  of 

iminaterial  alterations  by  Bailly*.    It    chriaiiaboiaraniintorreiicii,fcua\a%i!AcA\,\»^Vk>\. 

■■      champ,  li  U)  be  f  uomi  M  Ua  «iiui  ^  \^  KiV&«\t»»\a^\i^ 
•  AtuoBu  ladisaoi;,  chap,  J.  Indicuae  ol  biUi^f. 
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of   27'  7^  42"  3C*  considerably  too  semblance  in  all  the  elements  of  the 

jpreat ;  and*  indeed,  the  Brahmins  seem  solar  orbit,  as  given  in  these  taUes, 

to  have  perceived  the  necessity  of  cor-  though  those  of  the  lunar  orbit  difTcr. 

reefing  the  mean  motions  here  assigned,  "We  find  the  same  mean  motion  of  the 

vhich  they  do  by  renewing  their  epoch  sun  in  all,  the  same  length  of  the  yesr, 

every  eignty-sevcn  years :  at  least  in  the  same  equation  of  the  centre*.    The 

these  tables  of  Narsapur  there  arc  two  coincidence  is  too  striking  to  be  for- 

epochs,  the  one  in  15GU,  the  other  in  tuitous,  and  proves,  that  the  tables  of 

1650.  the  sun  have  been  taken  from  the  same 

The  most  curious  of  all  the  Indian  source,  while  those  of  the  moon  have 
tables,  arc  Ihose  brought  from  Tirviilore  undiTgone  various  alterations. 
by  M.  I^  Genlil,  and  analysed  at  len£:th  IV.' All  the  Bralimins  versed  in  ai«fro- 
by  Bailly  in  his  Indian  Astronomy*,  nomy  agree  in  considering  these  tables 
llie  ei>och  of  those  tables  is  the  year  as  borrowed  from  ancient  works,  and 
3102  before  Christ :  at  which  time,  they  principally  from  one  called  the  Sur}'a 
suppose  a  general  conjunction  on  the  Siddhanta-i* :  a  work  that,  in  the  time  of 
ecliptic  of  the  sun,  moon,  and  planets.  Bailly,  was  supposed  to  be  guarded  with 
The  object  of  the  construction  of  these  great  jealousy,  and  to  be  entin;]y  shut 
tables,  hke  all  those  of  the  Indians,  up  from  all  but  a  few  learned  men.  This, 
seems  to  be  the  calculation  of  eclipses ;  however,  turns  out  not  to  be  the  case: 
their  methods  have  been  explained  at  the  work  in  question  is  rare,  but  that 
length  by  Bailly  and  Le  Gentil:  and  the  and  many  other  treatises  on  the  same 
latter  of  these  astronomers  has  ap])lied  subjects  have  l)een  procured  by  English- 
their  methods  to  an  eclipse  really  ob-  men  resident  in  India;  and  an  interest- 
served  by  himself  in  India ;  the  error  he  ing  analysis  of  the  Surya  Siddhants, 
found  to  amount  to  about  twenty-two  though  not  so  complete  as  mig^t  be 
minutes  of  time.  wished,  is  to  be  found  in  the  Asiatic 

From  a  comparison  of  the  four  tables,  Kesearches;t.  It  is  evident  from  an  in- 
just  mentioned,  Bailly  t  deduces  that  spection  of  the  extracts  given  by  Mr. 
they  have  all  one  common  origin :  and  Davis,  that  the  solar  tables  of  the  Car- 
on  this  head  his  arguments  are  pretty  natic,  which  we  have  been  discussing, 
conclusive.  He  remarks — I.  That  the  are  essentially  borrowed  from  the  Suryi 
tables  of  Slam  contain  a  reduction  for  Siddhanta;  m  this  latter  the  sidereal 
the  difFerence  of  meridians,  which  show  year  is  given  at  365**  G**  12""  36«:  the 
them  to  have  been  bon-owed  from 'a  greatest  equation  to  the  centre  at  2^"  lO' 
place,  which  has  about  the  same  longi-  32",  the  obliquity  of  the  ecliptic  at  24'. 
tude  as  Benares,  a  town  which  has  An  acquaintance  with  the  Surya  Sidd- 
been  always  looked  upon  by  the  Hin-  lianta,  and  the  other  systems  of  astro- 
doos  with  especial  veneration,  and  which  nomy  existing  in  Sanscrit,  puts  beyond 
seems  to  have  been  the  residence  of  a  doubt,  that  it  was  the  custom  of  the 
their  most  learned  men.  The  tables  of  Hindoos,  as  we  have  seen  it  was  of  the 
Tirvalore,  Chrisnabouram,  and  Nar-  Chinese,  to  take  for  epoch  a  fictitious 
sapur,  contain  no  reduction  of  this  kind,    — 

as  aU  these  towns  lie  nearly  on  what  .  Thefoiio«ingi.acoinparUonofihe.eubi«, 

appears  to  nave  been  assumed  as  the  with  regard  to  the  solar  orbit. 

first  meridian.  sidereal  Year.  Greatest  Eqaation 

II.  The  epochs  of  these  tables  are  so  d   h  m  .       »'*»»•  Centre, 

connected  by  the  mean  motions,  that  rhSln^hnnram     ^r,  l\i^        1 1*1  ?? 

*  _                   r\-.            ,,  .\        A.\                    ,  CnriRnaDouram       Kb  6  12  .^            3  10  3:2 

from  one  of  them  all  the  others  may  be  NjuMnpur             3«i5  c  12  ;«         2  10  mi 

found  by  employing  the  mean  motions  T''^"*"'*-..          »»  6  il>  30         s  10  32 

of  the  tables  of  Chrisnabouram.    This  ^"o^ siddhanta  _365^6_12J36         2  lo  3g 

would  show  that  the  Indians  have  in  Modern  Kuropenu  365  c  u   9          l  5a  s< 

reality  only   one  epoch,   from   which  the  T  The  term  siddhanta  is  applied  by  the  Hindoo* 

others  have  been  di'diiced  bv  rjilfiiHt  inn  •  *"  ^**'■''■  "^'^^^  sy8tcin»  of  antronomy.  In  uplKNStinn 

uuitrs  iiii\  L  uei  n  uluuc  tu  vy  CdlCUiai ion  ,  t„  ^l^^,  nowcr.    'JTiere  are  Bcven»l  SiddhBuiin  r  thu 


dians,    it    follows    that,    all    these  tables  *»"=*  "^-vit  been  trjuwlaled  into  any  Kuropean  Isn- 

have  been  or^nully  formed  for  the  pri-  «l':!^r«f'!.^a,;^';;r.'..i'l°.SUi  ZnTX. 

mitive  meridian.  wral  niomuint  in  the  Asiatic  Uo»earche«  quoted  ia 

111.  There  is  an    extraordinarv  re-  "»>* '^^*'«u>t^r-  The  ».ameniay  be  widofotherau- 

^__ -^  clent  uiitrunomical  byatema,  partiv'ulvly  tlut  #f 

"^                    ■                                              Brumu^upta.                                                   * 


*#a  w«ii««^upvaaa 

*  Chap,  if.  t  A«tr uu,  lad.  cUap .  x .  \  \  uV.  u,  v«^^ *  ^Aiuiau,  4to, 
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Kcneral  ooiyiiiietioii  of  the  planets  olv  pretended  antiquSy  of  the  Indian  tables*. 

tained  by  calculating  backwards,  with  Another  consideration    vrgied   by  the 

the  respective  mean  motions  attributed  author    of  the  Indian  Astronomy  is 

to  the  se\'eral  planets  by  the  authors  of  drawn  from  the  accuracy  with  which  he 

the  system.  No  doubt  can  remain  upon  affirms  the  places  of  the  sun  and  moon 

this  head  after  a  perusal  of  the  memoirs  to  have  been  determined  for  the  epoch 

of  Messrs.  Bentley  and  Davis  in  the  iriven.    Very  little  stress,  however,  can 

Asiatic  Researches,  which  are  founded  be  laid  upon  this  argument,  for,  as  has 

on  an  examination  of  tlie  original  docu-  just  l)cen  staled,  we  cannot  l>e  certain  of 

ments.  the  places  calculated  from  our  tables  for 

However,    Bailly    has    devoted    the  the  time  of  the  Calyougam,  to  nearer 

greater  part  of  his  work  to  establishing  than  five  or  six  de^ees,  and  this  is 

the  point  that  the  epoch  of  the  Indian  about  the  quantity  by  which  the  posi- 

tables  in  the  year  3102  before  Christ  tions  given  by  the  Indians  differ  from 

was  not  imaginary,  but  founded  upon  ours.    Besides,  there  is  an  uncertainly, 

actual  observation.     The    talent    and  whether  the  assigned  longitude  of  the 

research  with  which  he  has  argued  the  sun  is  the  mean  or  true  loniotude.    The 

question,  make  it  worth  while  to  give  most  si)ecious  argument  brought  for- 

a  rapid  summary  of  the  proofs  he  has  ward  as  to  the  epoch,  is  that  founded 

alleged,  and  some  remarks  upon  their  on  the  pretended  position  of  the  colurcs. 

insufficiency.      His  argument  may  be  According  to  Bailly,  the  position  of  the 

divided  into  two  parts,  I.,  as  it  regards  equinox  given  in  the  Indian  tables  for 

the  epochs  of    the  tables;    II.,  as  it  the  Calyougam  is  such,  that  the  star 

reganls  the  mean  motions.  called  Aldebaran  was  in  359^  20'  of 

I.  The  nature  of  his  argument  with  longitude:    now  calculating    its  place 

resrard  to  the  epochs  is  this,    llie  posi-  from  the  modern  furmulie  of  precession, 

tions  of  the  sun,  moon,  and  planets,  as  its  longitude  at  the  Calyougam  would  be 

well  as  the  position  of  the  sotsticial  and  18'];:   an  agreement   which,  though  it 

equinoxial  colures    are    so  accurately  does  not  at  first  si^ht  seem  very  great, 

determined  by  the  Indians  for  the  time  was  the  more  remarkable,  because  the 

of  the  Calyougam*,  that  these  positions  Indians,  who  supposed  the  precession  to 

must  have  been  actually  observed,  and  be  54"  annually,  could  not  have  obtained 

could  not  have  been  merely  the  resuhs  it  by  calculating  back  from  a  modern 

of  calculation    in  later  times,  as  the  epoch.    But  it  turns  out  that  this  posi- 

Hindoos  have  never  possessed  that  high  tion  of  the  colures  for  the  Calvougam  is 

degree  of  science,   necessary  to  make  merely  a  calculation  of  Bailly  and  Le 

these  ciilculations  with  any  precision.  Gentil,  the  Indian  tables  only  giving  us  the 

But  have  they  in  reality  given  us  these  longitude  of  the  equinox  360U  years  after 

positions  for  the  Calyougam  with  so  the  Calyougam};;  whence  the  astronomers 

much  accuracy  ?    This  is  a  point  which  just  mentioned  have  deduced  its  position 

it  is  necessary  to  examine.    Now  in  the  for  the  year  3102  b.c.    Tiie  rcajucr  will 

first  place,  the  Indian  tal)les  give,  at  the  see  at   once  that  this  invalidates  the 

epoch,  a  general  conjunction  of  the  sun,  whole  of  the  argument  urged  by  Bailly. 

moon,  and  planets  ;  calculating  by  our  Indeed  the  consideration  of  the  epochs 

modem  tables,  we  find  such  a  general  alone  seems  quite  decisive  against  the 

conjunction  to  have  been  impossible,  pretended   observations    of  the    Caly- 

It  IS  true  that  for  times  so  distant  the  ougam.    The  equation  of  the  centre  of 

errors  of  our  tables  will  cause  an  un-  the  sun,  given  in  these  tables,  is  much 

certainty  of  five  or  six  degrees,  but  the  too  great  for  the  epoch  in  question ;  La 

calculations  of  Bailly  himself  show  that  Place  thinks  that  this  may  be  accounted 

the  planet  Venus  never  could  have  been  for  by  the  circumstance  that  in  eclipses 

in  conjunction  or  indeed  near  it  at  the  the  moon's  annual  equation  increases 

time  specified,  making  every  allowance  the  sun's  apparent  equation  of  the  centre, 

for    tnis  uncertainty;    and  even  with  by  a  quantity  which  is  very  nearly  equal 

regard  to  the  other  planets,  he  is  obliged  to  the  difference  between  the  equation  in 

to  content  himself  with  an  approxima-  (question  as  given  by  the  Indians,  and 

tion.     The  impossibility  of  tliis  pre-  that  which  may  be  deduced  from  the 

tended  conjunction  appears  to  La  Place  modem  tables    for  the  period  of  the 

in  itself  a  sufficient  reason  to  reject  the  Calyougam.    This  is  an  ingenious  ex- 


«  V.  Syst.  du  Monde,  11  v.  t. 
«  ThU  la  the  name  glrcn  by  tbc  InduuM  to  Uieir        t  BaUly,  cbap.  y,s'M, 
epoch  3iV2  «.c.  ;  V.  A»Uu  IJkMMcVk.,  ^oV  W. 
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planation ;  but  even  shtuld  it  be  admitted  Thus,  for  example ,  we  puf  luppilM  be 

as  satisfactory,  the  arguments  on  the  Indians  to  have  fnim^d  th^te  tMa^  in 

other  side  are  too  numerous  and  weighty  the  year  1491  A.O.,  and  if  we  were  tn 

to  be  mucli  afTectcd  by  it :  and  La  Place  find  the  mean  motions  ever  so  aopurtte. 

himself,  as  we  have  Ix'fore  mentioned,  mi^ht  imagine  them  to  hfive  been  detor- 

does  not  hesitate  to  reject  as  fictitious  mined  by  a  thousand  previous  years  of 

the  epoch  of  31U2  n.c.   The  equation  of  observation,  which,  while  it  would  fidly 

the  centi-e  of  the  moon  presents  a  sus-  account  for  their  perfection,  would  m&ki 

picious  resemblance  to  that  of  Hippar-  the  origin  of  astronomy  in  India  conii- 

chus:  as  to  tiie  elements  of  the  orbits  derably  posterior  to  the  Christian  en. 

of  the  planets,  Hailly  hiniiielf  is  obli<red  The   planets  Jupiter  and  Saturn    are 

to  confess  that  it  is  only  in  some  of  subject  to  a  Ions:  periodic  inequality  of 

them  that  we  are  to  look  for  any  pre-  about  929  years :  but  it  is  clear  that  this 

cision.      AVhile   the    equation    of  the  cannot  be  of  much  assistance  to  ut, ai 

centre  of  Saturn  ai^rees  pretty  well  with  many  of   these  periods  are  comprised 

theory,  on  the  other  hand  the  disagree-  between  the  Calyougam  and  the  present 

ment  presented  by  other  planets,  and  time ;  and,  according  to  La  Place,  the 

pai-ticularly  by  Mars  and  Jupiter,  is  very  mean  motions  of  these  planets,  as  given 

striking.    lUit  the  limits  of  this  treatise  in  the  tables  now  under  discussion,  would 

do  not  allow  us  to  follow  Hailly  into  all  suit  equally  well  the  Calyougam,  and  the 

these  details,  particularly  as  the  results  year  1491*.    But  tlie  case  is  different 

arc  in  ju:eneral  of  a  vury  unsatisfactory  with  regard  to  the  moon:  the  motion  of 

nature.   In  a  discussion  of  this  kind  one  this  satellite  is  subject  to  a  small  eecultr 

consideration  is  obvious ;  if  the  Indians  acceleration,  which  only  becomes  per? 

really  observed  the  positions  and  motions  ceptible  when  we  compare  her  places  at 

of  the  heavenly  boaies  somewhere  about  very  distant  periods  of  lime.    This,  thee. 

3000  years  n.c,  and  if  we  are  to  take  may  be  used  as  a  test  for  trying  the 

for  a  proof  of  these  observations,  the  antiquity  of  Tables;  but  we  nnd  diS- 

accordance  of  the  elements  of  the  sun,  ferent  and  inconsistent  results  in  ths 

moon,  and    planets,  with    the  values  case  before  us,  according  to  the  psiti^ 

assigned  for   that    i)eriod    by  modern  ciilar  tables  we  make  use  of.    Those  of 

astronomers,  then  we  must   expect  to  Tirvalore  do  not  give  directly  the  moon's 

fmd    the  same  dejrree  of    accordance  sidereal  revolution,  but  Bailly  has  de- 

nearly  for  one  of  these  bodies  as  for  duced  it  from  the  motions  given  vith 

another— allowinti;  for  the  difhculty  of  regard  to  the  apogee.    Now  there  are, 

the  respective  observatiiins.    No  con-  in  these,  several  periods  given  for  the 

elusion  can  be  drawn  from  the  a;2:ree-  anomalistic  revolution    of   the    moon, 

ment  of  some  of  these  elements ;  that  from  each  of  which  different  results  may 

agreement  must  he  general  before  any  be  deduced :  the  tables  of  Chrisnahouraa 

argument  can  be  founded  upon  it.  differ  again  from  all  of  these,  as  do  like- 

II.  The  second  class  of    argruments  wise  those  of  Narsapur.     Nor  do  the 

given  by  Hailly  are  those  founded  on  the  two  last    mentioned   agree   with  each 

mean  motions.    Hut  here  it  is  necessary  otherK    We  cannot  then,  in  this  caw, 

to  make  some  preliminary  observations,  deduce  any  conclusions  from  the  moon's 

which  show  that   little  dependence  can  mean  motion,  which  certainly  is  the  only 

l)e  placed  on  consideiations  of  this  kind  one  of  the  mean  motions  that  affords  us 

in  determining  the  au:e  of  the  Indian  or  in  general  a  criterion, 

any  other  tables.    The  major  axes  and  The  theory  of  Bailly  on  this  subject 

periodic  times  of  the  several  primary  api)ears,  then,  totally  untenable ;  but  it 

planets  are  not   subject  to  any  secular  may  be  asked,  what  is  the  real  age  of 

inequalities;  and  it  is  very  evident  that  the  Surya  Siddhanta,  and  the  Tndisn 

they  cannot  in  that  case  be  used  for  the  astronomy?    and  have  the    Brahmioi 

purpose  in  question.      For  the   mean 

motions  of  the  Indian   tables  must  be  •  syst.  du  Monde,  Hr.  r. 

well  or  badly  determined:  in  the  latter  \  Lmigth  of  uMdercai  revoiaiion  of  the 

case    it    is   clear    that    Uiithing   can     be  as  giveu  in  the  prluc^a^  Indian  Tablet. 

deduced  from  them:  in  the  former  all  Narsapur              S7  7  43'is.'g&  Raiur.p.B7. 

that  can  be  said  is,  that  they  were  well  curianabouram       -J?  7  «  is.a     lbid.p.4». 

known  at  the  date  of  the  formation  of  t*"'^'^''^              ''  ^  ^  ^2'*^ 


thetal)les;  but  as  they  suit  ^any  time  27  7  43  13,02  f  *'»***•  •*"*^-^ 

they  cannot  i)rove  the  tables  to  belong  ,,^^^^^^     27  7  «  }2;3l^ 

really  to  one  period  more  than  anotlier.    MudernAstrooo.    27  7  43  ii.» 
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borrowed  their  science  from  any  other 
nation?  In  answer  to  the  first  of  these 
questions,  Mr.  Bentley  has  published 
two  verv  interesting  memoirs  in  the  sixth 
and  eis;nth  volumes  of  the  Asiatic  Re- 
searches. In  these,  his  endeavour  is  to 
show,  as  well  from  internal  evidence  as 
positive  historical  testimony,  that  the 
age  of  the  Surya  Siddhanta  may  be  re- 
ferred to  somewhere  about  1000  years 
after  the  Christian  era.  This  he  con- 
cludes, from  the  very  reasonable  sup- 
position, that  whatever  be  the  real  date 
of  the  tables  in  question,  the  errors  on 
the  places  of  the  sun,  moon,  and  planets 
for  tnat  time,  (as  deduced  from  the  ta- 
bles,) will  l)c  less  than  for  any  other ;  as 
we  cannot  but  imagine  that  any  astro- 
nomer, whatever  mistakes  he  might 
make  in  giving  the  positions  of  the  hea- 
venlv  bodies,  for  past  or  future  times, 
would  wish  to  represent  faithfully  the 
atate  of  the  heavens  which  he  himself 
observed.  Mr.  Bentley  proceeds  then  to 
find  when  the  errors  we  have  above-men- 
tioned are  the  least  in  the  Surya  Sidd- 
hanta ;  and  this  he  shows  pretty  clearly 
to  have  been  the  case  about  ten  cen- 
turies after  Christ  *.  If  we  exclude  from 
our  consideration  the  place  of  Mercury, 
the  positions  of  the  lunar  apogee  and 
nodes,  the  solar  apogee,  and  the  aphelion 
of  Mars,  as  being  imaginary  points,  and 
therefore  more  difficult  to  i)e  fixed  in  an 
imperfect  state  of  astronomy ;  and  if  we 
dcauce  the  age  of  the  Surya  Siddhanta 
from  the  positions  of  the  Moon,  Venus, 


Mars,  Jupiter,  aad  Saturn,  we  shall  find 
for  this  date  respectively,  the  years  a.  d. 
1040,  940.  14G0,  924,  and  994  t.  Taking 
the  mean  of  these  five,  we  get  a.d.  1 071 ; 
if  we  leave  out  Mars,  we  obtain  a-d. 
977.  From  the  whole  of  the  data  to  be 
found  in  the  Surya  Siddhanta,  Mr. 
Bentley  finds  a.d.  1036.  The  general 
accordance  of  these  results  seems  luffi- 
ciently  satisfactory  %, 

However,  the  Surya  Siddhanta  is  not 
the  oldest  system  uf  astronomy  to  be 
found  among  the  Indians.  Mr.  l)entley 
has  examined  the  tables  of  Brahma- 
Gupta  ;  and,  b^  an  analysis  exactly  si- 
milar to  that  just  described,  has  been 
led  to  fix  their  age  about  the  year  536 
A.o.  i  Indeed,  it  appears  that  Brahma- 
Gupta  was  preceded  by  other  astrono- 
mers, and  particularly  by  one  named 
Aryal)hatta,  deserving  of  notice  here, 
as  havina  advocated  the  doctrine  of  the 
earth's  diurnal  revolution  on  its  axis  ||. 
This  opinion,  it  seems,  was  rejecteil  by 
subsequent  philosophers  amons;  the 
Hindoos,  which  will  scarcely  excite  our 
surprise,  when  wc  consider  tnat  it  shared 
the  same  fate  in  the  west.  Having  been 
embraced  by  Philolaus,  Anaximander, 
and  Aristarchus.  it  was  controverted  by 
Ptolemy,  and  had  fallen  into  complete 
oblivion,  when  revived  by  the  immortal 
Copernicus.  These  doctrines  of  Arya- 
bhatta  render  it  a  very  interesting  pomt  to 
determine  his  age,  that  we  may  ascertain 
whether  he  borrowed  this  philosophical 
idea  from  the  sages  of  Greece,  or  whether 


Tkble  of  Uie  ErrorH  iu  the  Surya  Siddhanta  with  reapect  to  the  places  of  the  Planetib  &c.,  at  (he 

undermentioned  period*. 
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1.13.08+ 
0.31.55+ 
0.S4.20+ 
0.03.33- 
0.33.45- 


3.43.37+ 
2.09.56+ 
1.83.04— 
4.32.25+ 
0.06.27- 
0.47.6'»- 
8.38..'i6+ 
2.54.05— 
1.01.45- 


AaiatlG  RcaearchM,  vol.  Till.  p.  2bU. 

i  Aaiatic  Researches,  vol.  ▼!.  p.  572. 

t  HuMTCTer,  the  historical  part  of  Mr.  Bentley*s  argument  teems  open  to  objections,  ivhich  have  been 
urged  by  Mr.  Colebroolce  in  the  12th  roiume  of  the  AsLitlc  Researches.  Mr.  Bentley  affirms,  that  an 
astronomer  named  Varaha-mihira  was  the  author  of  the  Surya  Siddhauta,  and  that  be  Is  known  tu  have 
lired  sumewhere  about  li)OU  A.n.  Hut  it  appears  th.it  It  is  by  no  means  proved  that  Varaha  was  the 
author  of  the  Surya  SldJlianta;  indeed,  it  is  quoted  by  himself  In  a  way  which  aeems  clearly  to  show 
that  it  was  not  his  composition  (a.)  And  another  difficulty  arises  here,  for  Mr,  Bentley,  by  reanonlng 
CDtireiy  analogous  to  that  Just  explained  with  regard  to  the  Surya  Siddhanta,  is  led  to  the  conclusion 
that  an  ancient  system  ut  awtrouomy,  composed  by  an  author  called  Brahma>(fupta,  may  be  referred 
to  Uie  year  fM  a.d. (6)  Nuw,  Brabma-Uupta,  in  a  work  of  acknowledged  authenticity,  quotes  by  name 
Varaha  (cj  which  circumstiuce  corroborates  the  Inference  that  Varaha  could  not  have  been  the  author  of 
the  Surya  Siddhanta. 

I  Aaiatic  Researches,  vol.  vi.  p.  5S1.  This  date  agrees  pretty  well  with  that  attribatcd  to  Brahma- 
0opU  by  the  Hindoos  theaueU ea«— V.  Aaiat.  Bm.,  toI.  xli.  Addlt. 

I  lb.  vol.  sil.p.sui7. 

(a)  AalatlcBeMarchef,volzU.p.821.   Calcutta.       (5)  Ib,voUl\.p.^i.       V(C^V&.^^«iiAuv^^^« 
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Pythaeoras,  yvYio  was  undoubtedly  well  the  tropics*  the  difference  between  the 

versed  in  the  leamin^r  of  the  east,  bor-  supposition  of  the  Brahmins  end  the 

rowed  it  himself  from  the  Indians.    But  exact  formula  will  be  so  inconsiderable 

at  present  we  have  nut  sufficient  data  to  as  to  be  safely  neglected.    In  higher 

decide  this  question,  which  is  worthy  of  latitudes,  this  difference  will  increase 


fixed  by  Mr.  Bt-ntley,  decides  one  i\[ 
tion,  by  showinir  that  the  Indian  astro-  have  hud  its  origin  in  a  tropical  country, 
nomy  was  not  oripnally  iiorrowcd  from  and  in  all  probability  in  the  Indian  pe- 
thc  Arabs.  The  tables  in  question  were  ninsula  in  which  it  is  found.  The  In- 
composed  about  500  years  after  Christ,  dian  methods  for  the  calculation  of 
Wc  shall  sec  that  the  Arabs  did  not  be-  eclipses  which  have  been  explained  at 
gin  to  cultivate  astronomy  till  a  century  lcn,:^th  by  I^  Gentilt,  and  Mr.  Davis«t 
or  two  later.  It  is  much  more  difficult  arc  extremely  curious,  and  bear  certainly 
to  ascertain  whether  the  Indians  were  the  appearance  of  originality.  But  for 
indebted  to  the  Greeks  for  any  of  their  these  we  must  refer  to  the  author  just 
principal  determinations ;  and,  on  this  mentioned ;  wc  shall  only  remark,  in 
point,  different  opinions  seem  to  be  en-  ])assing,  that  these  methods  show  a 
tertained  by  those  who  are  best  qualified  knowledge  of  the  celebrated  property 
to  judire  in  such  matters.  Mr.  Davis,  of  the  right-angled  triangle,  which  tra- 
and  Delambret,  think  tlie  Hindoo  me-  dition  informs  us  that  Pythagoras  (who, 
thods  of  calculation  essentially  different  it  may  be  lemarked,  had  travelled  much 
from  the  Grecian ;  and  this  circumstance  in  the  east)  first  made  known  in  Greece, 
has  been  much  insisted  upon  by  Play-  The  Indians  demonstrate  this  propo- 
fair.  The  limits  of  this  treatise  will  not  sition§  in  a  veir  singular  way,  which 
allow  us  to  go  into  a  detailed  examina-  partakes  more  of  the  nature  of  algebraic 
tion  of  these  methods  ;  we  must  be  con-  reasoning  than  of  pure  geometry.  In- 
tented  with  selecting  some  of  the  most  deed,  they  seem  to  have  been  singulariy 
striking  instances  of  originality.  attached  to  the  study  of  algebra,  in 

One  of  these  is  the  method  given  in  which  they  made  great  progresfc|| ;  and 

the  tables  of  Chrisnabouram,  to  find  the  of  which  they  were,  very  probably,  the 

lime  of  the  sun's  continuance  above  the    " 

horizon,  or  what  we  call  the  diurnal  arc, 

for  any  piven  dav.     On  the  dav  of  the  .  *  '^  «*  """^^  •»  ^^^  obliquity  of  the  ecliptic,  p 

equinox,  observe  the  lenirth  of'the  sha-  '»»^' "''Y":  """*  f  ,'"*  T^TJ'  l^'  «»idluru.i 

,*         -  'i                              I  ■   !    •     4     I       r  arc  on  the  longest  day  above  IW- :  then 

dow  of  the  gnomon,  which  is  to  be  di-  °    ^j^'^  _.  ^^^  ^^^^  - 

vided  into  parts,  each  ecjual  to  ^.^oth  of  *  1  *" 

the  length  of  the  gnomon  ;   one-third  of  ^'«>w ''»°-  ^  =  "JJ 

this  measure  is  the  number  of  minutes  where  A  is  the  height  uf  thcguouion,  iihe  Icn^ 

by  which  the  day  at  the  end  of  the  first  ^^  ihc»hadow. 

month  after  the  equinox  exceeds  twelve  .•. «in.  fi  =  tan.-  x  — 

hours:  four-fifths  of  this  excess  is  the  -      * 

increase  of  the  day  during  the  second  ,.,  ^  _-  ^^^  -  +  --tan.3  -  + 

month;  and  one-third  of  it  the  increase  '*              tiA^     ' 

of   the  day  durinjr  the  third  month.  =5;2.»57.uu.-  - 

This  rule  involves  the  supposition,  that  A 

the  sun's  declination  being  given,  the  lerm«1!?icMK 

ratio  between  t lie  ascensional  dittVrence,  /  ' 

(that  is,  the  arc  measuriiiir  the  inciease  *'*"  =  -•''^-  J  i «»pi>o»ing  -  =  24-'  j. 

of  the  day  at  any  place,)  and  the  tan-  /  , 

gent  of  the  latitude,  is  cunstant.     Now  '^^»-* ^"^J«" ^"1*-'  »*-  •»"  =  ^20.  -^  i  +  ^1^  +  »   j 

this  is  not  rigorously  true,  for  the  con-  i 

stant  ratio  in  question  exists  between  the  ""■ '  =  -^•-  J 

sine  of  the  ascensional  ditt'eience  and  the 

tangent  of  the  Lititutle.     13 ut  between 


V.  IJailly,  ]).  H'2 ;  and  Kdin.  Tranii.  vol.  11..  p.  17:, 
i  Mfin.  /\cad.dcs  Sciences  lor  17^;,  Tait  II. 

p.  L"J1. 

:  Asiat.  Research.,  vol.  ii.  j),  S73.     UelaDib-, 
•  The  length  of  the  sidt-n-al  yonr,  as  lixcd  hy      Asi.  Aiic,  vul.  i.  p.  471. 
Aryabhaltu,  iH  : -('to  day .4  G  huurs    I'J  iiiiniittH  and  ^  'J'liV -ITth,  ]hi  l^uok  of  Eucl!d*N  Klemenl*. 

oU  *»ecoiidii.— Asiat.  Kch.,  vol.  x\\.  ]>.  i'-li».    Thi-*  is  t  'i'lie  lliiidooM  have  been  particularly  kiicicm- 

the  iiuuiitity  adoi>led  in  iiiu>t  oi  tlie  Indinn  tal^li^.  ful  in  their  methodK  for  (he  Koluiioii  of  iDdclnmi- 
Sonie  of  them,  howevir,  make  it  W,  iiibtvnd  of  nutc  piuliamM  ;  in  thift  respcLt  tbcy  have  nut  Uea 
du  bL'condif.  ciiuulicd  lu  Europe  till  the  latter  half  of  the  llBih 

f  Astion,  AnatnvXi  vol.  i.  p.  476.  c\:uiuiy. 
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hnrentorf.     Their  methods  for  caku-  despim  foreign  nations  in  (reneral,  and 

latins:  the  ascensional  differences  prove  the  Greeks  in  particular.    They  have  a 

that  they  were  in  possession  of  the  prin-  proverb,  says  ne,  that  no  base  creature 

cipal  theorems  of  spherical  tri(;onome-  can  be  lower  than  a  Yavan ;  whieh 

try* ;  their  tables  of  sines,  which  are  term  he  explains  to  mean  an  Ionian  or 

given    for    every  3}°  throughout  the  Greek*.  But  Mr.  Colebrooke  has  quoted 

quadrant,  majr  be  r^;arded  as  a  mathe-  a  very  curious  passa^  from  Varaha- 

maf  ical  curiosityt.  mihira,  one  of  the  earliest  astronomers 

IP  On  the  other  hand,  the  system  on  of  India,  who  speaks  with  applause  of 

which  the  Indians  calculate  the  inpqua-  the  proficiency  of  the  Yavans  in  astro- 

lities  of  the  sun,  moon,  and  planets,  nomyK    "  The  Yavans,"  says  he,  "  are 

presents  some  remarkable  coincidences  barbarians ;  but  this  science  is  well  esta* 

with  that  imagined  by  the  Greeks  for  blished  among  them,  and  they  are  re- 

the  same  purpose.    On  reference  to  a  vered  like  holv  sages.*'    About  the  age 

subsequent  part  of  this  treatise,  it  will  of  Varaha-mihira  there  seems    to  be 

be  seen,  that  Hipparchus  explained  the  .some  uncertainty,  Mr.  Bentley  fixing 

principal  inequality  of  the  sun,  and  of  it  at  about  lOUU    b.c:    while  'others 

the  moon,  by  supposing  each  of  these  make  him  more  than  five  hundred  yean 

planets  to  revolve  round  the  earth  in  a  olderX  ;  but  whenever  we  suppose  him 

cnrcle,  the  centre  of  which  was  at  some  to  have  lived,  this  acknowledgment  of 

distance  from  this  last  body ;  and  thus  an  acquaintance  with  the  science  of  the 

the  motion,  though  really  uniform  round  West  goes  far  to  confirm  the  ideas  of 

the  centre,  appeared  unequal  as  seen  those  who  consider  the  Hindoo  astrono« 

from  the  eartn.    Hipparchus  also  pro-  my  as  derived  from  the  Greek, 
posed  another  theory,  which  leads  to  the 
same  results  as  that  just  mentioned ;  he 

supposed  the  sun  or  moon  to  revolve  in  Chapter  III. 

a  small  circle,  called  the  epicycle,  the  7^  Chaldeans. 
centre  of  which  revolved  uniformly  round 

the  earth ;  and  he  proved  the  virtual  If  we  may  credit  Porphyry,  quoted  by 
identity  of  the  two  hypotheses.  It  is  ru-  Simplicius$,  Callisthenes  transmitted 
inarkablc  enough  that  both  these  sys-  to  Aristotle  a  series  of  observations 
temsaremadcuseof  by  the  Indian  astro-  made  at  ^Babylon  during  a  period  of 
nomers;  and  it  is  equally  remarkable  1903  years  preceding  the  capture  of  that 
that  they  appear  to  be  ignorant  of  the  city  bv  Alexander.  This  would  carry 
modifications  of  these  theories,  \i'hich  back  the  origin  of  astronomy  in  Chaldaea 
Ptolemy  was  obliged  to  make  in  the  case  to  at  least  2234  years  before  the  birth 
of  the  moon  and  the  planet  Mercury];,  of  Christ.  It  is  certainly  an  argument 
They  have  indeed  felt  the  necessity  of  of  some  strength  against  the  correct- 
some  modifications  in  these  cases,  but  ness  of  this  statement,  that  Ptolemy* 
theirs  consist  in  giving  an  oval  form  as  who  has  founded  his  theory  of  the  moon 
well  to  the  eccentric  as  to  the  planet's  partly  upon  ChaldaE^n  observations* 
epicycle.  The  method  of  Ptolemy,  which  quotes  none  anterior  to  the  year  720 
is  very  different,  will  he  explained  when  b.c.;  but  this  fact  is  not  perhaps  so 
we  come  to  speak iOf  the  astronomers  of  decisive  as  it  at  first  appears.  It  is  im- 
Alexandria.  possible  now  to  say  whether  or  not 
Sir  W.  Jones  has  affirmed  that  it  is  Ptolemy  had  access  to  the  whole  of  the 
Tery  improbable  the  Indians  should  have  ol)servations  in  question;  whether  any 
borrowed  anything  from  the  Greeks,  as  had  been  lost  in  the  interval — not  an 
the'pride  of  the  Bralimins  leads  them  to  inconsiderable   one  —  l>etween    himself 

' and  Callisthenes ;  [or  lastly,  whether  the 

♦  Deiamb.,  Aft.  Anc.»  toI.  1.  p.  470.  Superior  accuracy 'of  the  more  modem 

t  ThewtabicH  are  remarkiibie  as  being caicn-  observations  made  him  prefer  them  ||. 

toted  by  mean,  of  second  difffrenc«i  tbey  .how  j^e  cclipscs  recorded  by  Ptolemy  are 

thatthclllndooa  were  aware  that  A>  sin.  A  =—      * ^ ^ 

(chord  A)*  sin.  A  aa  well  aa  the  common  theo-  -^— — — ^— — ^— — — — ^— ^^— ^^^ 

veau                 „            „               „  •  Af.  Ret.,  rol.  il.  p.  .102. 

R'  =  **?;!.^  +  ^^'  ^  t  Ab.  Re«..  VOL  xil.  p.  S46. 

alB.  90^  =:  i  R  J  v.  Colebrooke,  Aaiat.  Research.,  1.  c. 

^      /1-coN.  A\i  I  De  Coilo.  lib.  Ji. 

■In.  i  A  s^-* 2 /  I  Another  auppoiiitiont  at  leant  aa  Ukely  aa  any 

.     -*r.         ,    r,     tr  -w^  ,      ^         •«  •>'  these,  i«,  tliitt  Ptolemy  selected  those  eclipses 

■ln.60^=  VJ  R.— V.  Delamb.  p.  45a.  which  he  conceired  to  aRree  best  with  his  own 

t   Aaiat*  BcMarch.i    Tol.  xL  pd  236  j  toU  il.  theories.— Deiunbrc,  Astron.  A.uc.  W>xo^^o.\<ku^ 

p.2«.  p.; 


16  HISTORY  OF  ASTRONOMY. 

the  second  day  would  belons:  to  the  Sun.  La  Plaee  and  levaral  ditHngwiihed  pin- 
Proceeding  in  the  same  way,  the  first  lorophen*. 

hour  of  the  third  day  would  belont;  to  The  scientific  men  who  accompanied 

the  Moon,  of  the  fourth  to  Mars,  &c.  the  French  expedition  to  "Egypt  found 

We  have  said,  that  in  the  ancient  sys-  in  some  of  the  temples  of  that  eonntrv 

terns,  Venus  and  Mercury  were  con-  representations  of   the   lodiac*  whim 

sidered  as  inferior  to  the  Sun  ;  but  upon  have  ^ven  rise  to  much  discussioa  ia 

this  point  there  was  some  ditference  of  Europe.    One  of  the  most  remarkibk 

opinion.    The  Egyptians  seem  to  have  of  these  is  on  the  ceiling  of  a  portico  in 

perceived  the  real  state  of  the  case,  the  temple  of  Denderah  fthe  ancint 

Thoy  conceived  these  two  planets  to  Tentyra).    It  represents  the   signs  of 

move  round  the  sun,  while  they  followed  the  zodiac  in  two  rows,  six  in  each, 

him  in  his  annual  revolution  found  the  parallel  to  the  axis  of  the  temple,  one  to 

earth,  and  consecjuently  were  sometimes  the  right,  the  other  to  the  left  of  the 

nearer  than  he  to  the  earth,  sometimes  princijial  entrance;  the  latter  all  face, 

farther.  This  system,  which  is  explained  as  if  about  to  enter  the  temple,  the 

by  several  ancient  authors,  and  among  former  as  if  quitting  it :  the  first  of  the 

Ihcm  obscurely  by  Cicero*,  more  dis-  entering  signs  is  Aquarius,  and  thelart 

tinctlv  by  Vitruvius*!-,  is  positively  atlri-  Cancer:  the  Cancer,  however,  is  thrown 

butocf  to  the  Eiryptians  by  Macrubius;^.  on  one  side  out  of  the  line,  and  its  place 

Some  have  been  disposed  to  imairine  filled  by  a  head  of  Isis,  partly  plunged 
tliat  tiie  constellations  of  the  zodiac  in  the  rays  of  the  sun.  It  follows,  from 
were  originally  invented  in  Egypt  at  a  wiiat  lias  been  said,  that  the  first  of  the 
very  remote  period.  This  opinion  has  signs  which  appear  to  be  coming  out  is 
been  advocated  principally  by  Dupuis  $,  tlie  Lion,  and  the  last  Capricorn.  Similir 
who  conceives  that  the  constellations  in  zodiacs  are  to  be  found  in  the  porticoes 
question  had  a  reference  to  the  divisions  of  two  temples  at  Esnb  (Latopolis):  but 
of  the  seasons,  and  to  the  agriculture  of  there  the  head  of  Isis  is  altogether 
Ecrypt  at  the  time  of  their  invention,  wanting,  and  the  bisection  of  the  signs 
The  sign  of  Cancer  marks  the  retrogra-  takes  place  between  Viixro  and  Leo,  iiH 
dation  of  the  sun  at  the  solstice ;  Libra,  stead  of  between  Leo  and  Cancer.  This 
the  equality  of  the  nights  and  days  at  bisection  has  been  supposed  by  some  to 
the  equinox:  the  Capricorn,  a  climbing  hfivc  a  reference  to  the  places  of  the 
animal,  is  conceived  to  indicate  the  sun  solstices  i*:  but  the  supposition  is  en- 
at  its  greatest  height,  or  at  the  summer  tirely  arbitrary,  and  would  give  to  these 
solstice;  the  autumnal  equinox  conse-  temples  an  antiquity] which  other  cir- 
quently  falls  in  Aries.  ;.This  system  cumstances  by  no  means  seem  to]  sup- 
presents,  certainly,  some  curious  coin-  port.  Fourrier  conjectures  that  the 
cidences :  thus,  for  example,  the  inun-  head  of  Isis,  substituted  in  the  place  of 
dation  of  the  Nile,  which  begins  just  Cancer,  indicates  that  Sirius  rose  helia- 
aftor  the  summer  solstice,  would  take  cally  when  the  sun  was  in  that  constel- 
nlace  while  the  sun  was  in  the  constel-  lation  ;  which  took  place  more  than 
lationsAquarius  and  Pisces;  and  Virgo,  twenty  centuries  before  the  Christian 
usually  represented  as  a  woman  witii  an  era.  M.  Biot  imagines  that  this  indi- 
ear  of  corn  in  her  hand,  would  coincide  cates  that  Sirius  rose  with  the  stars  of 
with  the  time  of  harvest  in  Efrypt.  Cancer,  near  which  the  sun  was  at 
There  is,  however,  one  insupera])]e  oh-  the  time  of  the  summer  solstice,  and 
jeclion  to  this  system,  which  is  the  ox-  refers  the  monument  to  about  the  year 
cessive  antiquity  (not  less  than  13000  700  b.c.  There  is  in  the  interior  of 
years)  which  it  assigns  to  the  zodiac,  the  temple  at  Denderah,  another  zodiaCi 
As  this  is  historically  inadmissible,  Dii-  sculptured  on  a  ceiling,  in  which  the 
puis  has  modified  his  theory  by  sup-  signs  are  arranged  in  a^circle»  and  here 
posing  the  names  to  have  been  given, ^L- 

not  to   the   COnslellations   in   which  the  •  MacroWun  (Somn.  Sdp.,  itb.  i.e.  2I.>attr1. 

sun  wfis    hilt   to  IhosH  diami'lriPMllv  on-  tntes  the  invention  of  the  xodlar  to  the  Egyjuiawi 

sun  V  as,  oui  lo  i nose  aiamcu icaiiy  op-  ^^^^  ^^^j^^^  j,,j^  ^^  ^^y  ^^  ^^^^  ^^^^^  ^^^^^  ^^^ 

posed  to   nim,  which  consequently  were  piricux,   a   writer    of    at   Icam    equal    authoriir, 

rising  at  sun-set  at  any  given  epoch,  "scrihcs  it  to  the  cimuiiean*,  nb.  r. 

nui*  "'■               I'lii             A\  t  Hum    Idea  is  deduced  from    the  tnoDOSition 

IhlS    opinion,    which    bnUi^^S    down    the  that  the  constellation  i»  which  the  .nnwiVtlbe 

invention  of  these  constellations  to  about  bogiunhig  of  the  year.  wa«  repnracnted  a«  the  im 

2'iOO   vears   uc     has   heen  arlonfpd  hv  *"»•»«  "ne  of  the  •Ign*  coming  oat  of  the  temple. 

zovu  years  n.c,  nds   ueen  aaopita  .oy  ^j.  opp^^ring  to  lead  the  others:  now  the  Km* 

■  llan  rural  year  began  at  the  Hummcr  solaClcc — Ihoff 

*  Somn.  Scip.             t^Vitruv.,  lib.  ix.  c.  4.  the  zodiac  of  Denderah  fronld  indicate  that  the 

t  Comment,  in  Somn.  Sclp.,\.  c.  iU.  autnmer  Molatlce  waain  the  LI0B9  thott  of  Enl 

§  MOm,  BUT  i'OrigiDC  du  Zodiaquc.  \u  v\kt  N Vt^tL« 


maroRY  ot  astronohv.  it 

he  Ctneeif  if  thrown  out  of  its  indeed,  which  is  not  iaiph>l)able,  he 

line,  its  place  bdne  occupied  trjr  copied  some  older  calendar.*     Hero- 

lological  figure,  bdow  wtiich  is  dotus  t  makes  Homer  and  Hesiod  con- 

nbof  of  Isis.    M.  Biot  has  at-  temporaries,  and  places  them  about  400 

d  to  prove  that  this  circular  zodiac  years  before  his  own  time,  which  would 

lanisphere  representing;  the  ap-  make  them  a  century  later  tluui  the  date 

ee  of  the  heavens  at  midnight  on  above  assigned.    But  the  whole  Question 

imer  solstice,  about  seven  centii-  of  their  age  is  involved  in  much  doubt 

(fore  the  Christian  era.  *     But  and  obscurity,  nor  is  it  important  to  the 

inion  is  exposed  to  many  serious  history  of  astronomy.    We  find  little  in 

ins :  these,  however,  the  limits  of  these  very  ancient  authors  that  throws 

atise  will  not  allow  us  to  enter  li^ht    upon   the  interesting    question, 

'e  shall  quit  the  subject  with  one  whether  the  Greek  sphere  was  derived 

ition.     M.  Champollion  thinks  from  that  of  the  Egyptians,  or  other 

decyphered  among  the  hierogly-  oriental  nations.    We  snail  see  in  the 

n  the  ceiline:  of  the  temple,  the  course  of  this  treatise,  that  there  can  be 

vr»»^mT»t»,  which  would  seem  to  no  doubt  that  the  zodiac  was  borrowed 

i  that  the  sculptures  in  question  from  Egypt  or  Chaldea,  but  the  origin 

I  recent  as  the  Roman  empire,  of  the  extra-zodiacal  constellations  is 

%  by  no  means  precludes  the  pos-  very  uncertain.    Seneca}  attributes  the 

that  they  may  represent  a  more  division  of  the  heavens  into  constella* 

sphere.    That  the  temple  itself  tions  to  the  Greeks ;  and  refers  this 

>f  great  antiquity  many  circum-  division  to  fourteen  or  fifteen  centuries 

seem  to  indicate ;  but  the  ques-  before    Christ.    An    obscure    author, 

l>e  solved  is,  whether  the  astro-  quoted  by  Clemens  Alexandrinus,§  as- 

l  phenomena  it  depicts  are,  or  are  cribes  the  invention  of  the  sphere  to 

be  referred  to  some  more  distant  Chiron,  who  may  be  referred  to  the 

which  it  was  intended  to  record  ?  thirteenth  century  B.C.    That  the  Greek 

sphere,  whether  of   native  or  foreign 

Chapter  V.  origin,  is  as  old  as  the  time  assigned  to 

of  Asfronomjj   in    Greece. —  Chiron,  has  been  attempted  to  be  proved 

et.—  The  Ionian  School.  — The  by  a  passage  from  Eudoxus,  quoted  in 

uiroreanK.—Mpton.—The  Calen-  the  commentary  of  Hipnarchus  on  Ara- 

-Eudoxus. — Pythecu.  tus.||    This   author,   who  flourished  in 

tronomy  of  Greece  undoubtedly  *h«  early  part  of  the  fourth  century  b.c. 

with  Thales  and  the  philosophers  asserts,  that  there  is  a  certain  star  m  the 

Ionian  School,  about  six  centu-  celestial  sphere,  corresnonding  to  the 

ore  the  Christian  era.    Homer,  PoJ^  of  the  equator.    Now  this  could 

and  Hesiod.  the  only  authors  ^P^  *»a^«  ^  ^^  Polar  ■*""  ^^  ^^ 

p  to  this  period  whose  works  we  "n^e.*'  which  was  then,  owmg  to  the  pre- 

ssess.  mention  some  of  the  most  c««ion  of  the  equinoxes,  far  from  the 

able  constellations, though  noneof  Polej   and  upon  examming  that  part  of 

imposingthe  siirns  of  tliezodiac  ;t  •"«  heavens,  there  seems  to  be  no  other 

works  ofthe  latter  author  in  par-  ^^  ^^^a*  could  be  alluded  to,  except  . 

ihow  that  some  attention  was  paid  Draconis.    About  1326  b.c.  this  star 

ime  to  the  rising  and  setting  of  ^^  !'»**;;"  ^    of  the  pole,  which  was 

conspicuous  stars.  Thus  he  sufficiently  near  to  make  it  appear  im- 
t  us  that  Arcturus  rose  heliacally  moveable  to  rudeobservers :  and  this  fact 
ays  after  the  winter  solstice,!  lias  been  thought  to  show  that  Eudoxus 
hich  we  may  deduce  this  poet  to  copied  a  sphere  many  centuries  antenor  to 
ived  about  950  b.c.  unless,  his  own.  This  sphere  l»s  been  supposed 
to  be  that  of  Churon  before  alluded  to'; 

lerchM   tur   I'AttronoDUe    EgypUenne.  others  attribute  it  toMuSSBUS.^  fiutnot- 

eoDstcUstiont    and  start  mentioned  bf  -^^— — ^— ^— ^— — — ^— ^^— — — ^— 

ue  the  Bear,  the  Plelade*.  the  Hyadet,        *  Another  rtnarkable  proof  of  the  accuracy  of 

lion,  and  Areturaa.    Bealdea  these  He-  Heaiod  may  be  found  In  his  statcmeat.  that  th« 

Uons  SIrlus.    Neither  make  any  mention  Pleiades  remained  Invisible  for  forty  days  (t.  Op. 

.nets,  though  Homer  is  supposed  to  allude  et  Dies.  T.SSS.),  which  has  been  found  to  be  as 

lnonepafwafe~ll.V.  T.O)  othera  think  nearly  Mjpoaalble  the  case  for  that  epoch  and 

meant.    The  planets  In  fact  do  not  seem  latitude.    Y.  BaiUy  Aitran.  Aoc.  p.  430. 

Kn  aatronomically  obsenred  In  Greece  tlU        f  Lib.  11.  c.  58. 

rwards.  **Kndozus,'*  says  Seneca,  "qoln-        %  Qnatt.  Nat.  Lib.  Til.  c.  95. 

am  cursns  primus  In  GnacUio  ab  Affypto        |  Stroaat  Ub.  1.  c.  16.  \  lA\k.\. 

L**    Qumst.  Nat,  tU,  Si  5  Butmuiy  othn  c\itokMA»\o^:feu«\««%riBu»aA 

it.  Din.  T.  Ml.  IbtipbtrtBilSlkAba 
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withsttnding  all  that  has  been  sftid  upon  putecU  speaki  Tplum^  upon  this  mbjeet  i 

this  subject,  it  seems  pretty  evident,  the  This  we  are  told  by  Herodotus*,  whose 

positions  of  the  stars  g^ven  by  Eudoxus  testimony  seems  above  all  suspicion, 

are  too  discordant  to  admit  of  any  con-  though  he  adds  a  singular  circnmstance^ 

elusion  being  drawn  from  them*,  and  if  in  which  there  is  prolwbly  some  ndstake. 

Eudoxus  copied  any  very  ancient  sphere,  that  Thales  assigned  the  limits  of  a  year. 

it  must  have  been  one  of  oriental  origin;  within  which  this  ecHpse  was  to  take 

for  in  the  time  of  Chiron  (if  indeed  any  place.    It  is  unnecessary  to  remark,  that 

such  person  ever  existed)  it  is  pretty  could  Thales  have  predicted  an  edipie 

certain  that   nothing   was    known   in  so  remarkable  as  this,  which  was  XM 

Greece  about  the  existence  of  the  eclip-  in  the  country  in  which  he  lived — Asia 

tic,  the  equinoxes,  the  colures,  or  any  Minor, — he  certainly  must  have  beea 

great  circles  of  the  sphere.    The  unani-  able  to  make  a  much  nearer  approxi- 

mous  testimony  of  antiquity  ascribes  to  mation.    But  as  to  the  fact  of  the  pre- 

Thales,  or    his    immediate  successors  diction  there  can  be  little  doubt.    Ilia 

among  the  philosophers  of  the  Ionian  eclipse  is  memorable  in  ancient  histoffi 

school,  the  invention  of  the  zodiac,  the  as  having  separated  the  armiei  of  the 

discovery  of  the  obliquity  of  the  ecliptic,  Lydians    and    Medes,    at    that    time 

of  the  tropical  revolution  of  the  sun,  engaged  in  battle ;  the  hiatoiiaii  lived 

and  the  principal  circles  of  the  celestial  not  more  than  150  years  ^er  the  evoit 

sphere.    There  is  no  reason  for  sup-  in  question,  and   was   a   countxynaa 

posing  that,  before  this  time,  the  Greeks  of  Thalest ;  but  should  his  testimony  be 

had  advanced  beyond  remarking  and  deemed  insufficient,  authority  perhaps 

naming  a  few  of  the  most  conspicuous  still  higher  may  be  quoted.    Eudemos, 

constellations ;  and  how  little  progress  an  astronomer  of  eminence  in  thefouxth 

they  had  made  in  this,  we  may  conjecture  century  t>efore  Christ, composed  a^histixy 

horn  the  circumstance,  that  Thales  first  of  astronomical  discoveries,  now  onfor- 

introduced  into  Greece  the  knowledge  of  tunately  lost ;  but  Diogenes  Laextiua 

the  Little  Bearf,  by  which  the  Phceni-  and  Clemens  AlexandrinusJ;  both  quote 

cian  pilots  used    to    steer,  while  the  the  autliority  of  Eudemus  for  this  pre- 

Greeks  were  contented  with  the  rough  diction  of  Thales :  and  in  farther  CQ^ 

approximation  to  the  north  given  by  the  roboration  of  tliis,  Eudemus,  in  a  firsg- 

Great  Bear.    For  it  is  very  remarkable  ment  preserved  by  Anatolius$,  attributes 

that  Thales,  if  not,  as  some  have  pre-  the  discovery  of  solar  eclipses  fo  l^iales. 

tended,  a  Phcenician,  was  certainly  of  Indeed  it  may  be  said  that  there  is  no 

Phoenician  extraction  ;  and  this    fact,  point  on  which  the  testimony  of  antiquity 

corroborated  by  other  authors,  rests  on  is  more  decided  and   unvarying,  than 

the  testimony  of  Herodotus  himseltt.  that  Thales  introduced  into  Greece  the 

Many  things  seem  to  indicate  that  the  prediction  of  solar  eclipses  |,  and  moit 

science  of  Thales  was  of  eastern  origin,  probably  at  the  same  time  the  ezpla- 

and  that  what  have  been  called  his  dis-  nation    of  their    real    caused,    rmj 

coveries,  were  doctrines  borrowed  from  indeed  does  not  quite  agree  with  Eude- 

Chaldsea  or  Eg\-pt.     Much  stress  is  not  mus  as  to  the  date  of  this  eclipse,  which 

to  be  laid  upon  tlie  account  of  his  having  has  been  a  subject  of  controversy  among 

studied  in  Egypt,  which  rests  upon  the  ancient  and  modern  authors;  buttha 

equivocal  authority  of  his  biographer  knowledge  of  the  exact  year  in  which  it 

Diogenes,  though  this  is  confirmed  by  happened  is  more  interesting  to  chrono- 

Clemens  Alexandrinus§.    But  the  extra-  logists  than  astronomers**. 

ordinary  fact  of  his  having  predicted  a 

solar  eclipse,  which  can  scarcely  be  dis-  *  ^ib.  i.e.  74. 

^  t  ThRlei  wuH  a  native  of  Miletut— HenidotHcf 

/veil           .  ji     ...,..«    .  Hallcarnasgua,  boUi  ton-na  on  the  coaat  of  AiU 

(V.  Sophocles  quoted  by  AchilleiTtttius),  ana  Atlaa  Hinor.                                             -«  i.hw»  «  «- 


CV.  Diod.  ^iic.  lib.  iii.  IMin.  li.  S.)  ^  y.  Dlog.  Laert.  in  Thai.  Clem.  Ala 

•  V.  Dcliirabr.  Astrou.  Anc  Introduct.  p.  11.  and  lib.  i.  c.  14. 

^°i' J.P-!-,^-.       ^            .   ..    ,  .  ♦v.  Fabric.  Bibliothec.  Grwc-  lib.  lU.  c.  ii. 

I   tri*"!-*  J-^"'™"^"*  quoted  by  DioMnes  Laertlus  Vol.  II.  p.  SW.  Bambargb.  17W. 

In  Tbalete,  and  by  Ac  nlle»  'raliu».  C(.  Ilygin.  Poe-  |  Bevide.  Uie  author.%bo»t  quoted.  V.  AfbiU« 

tle.ABtronoin.  V.  Arctiij,.  etlhcon.inArat.    That  Tat.  I«agog.    PUa.  Hist.   Nat.  11    ^    CicooS 

the  Little  Bear  waHdiHcovercd  by  the  Pluriilciani.  in  Divlnaiionei.                                               WrtfO  « 

lJitr.!!^«f^l  ^''**'° /"'I*  »-"P- J)'"nd  theclrcum-  %  ThI.  i.expwMly  attributed  to htabvPlBttrt 

•tance  of  their  iiavlKators  sailing  by  It,  Is  alluded  de  Piacil.  Phlloioub'll.  24.           *" ""  «»I  *-»-"» 

OviH^ H"ir7/"V-,°™»    r.-,^"'-  ^»*°^"»'n-  '•  a9-  ••  Onthi.polnttbtreadorUrtfm«|to«ii»tt- 

Thaw             '•'  ^^^'  ^'  ^-  ^'^' ^^'  ^^'^'  ^»"*' '"  Trantactloni  for  1811,  vbera  .U  rtr^dSw* 

i  «#«;«-♦  I  M  theBubjectarediacaaaed.  Mr.BalUrblHM^MlW 

f  SUomti,  J.  I  i,                                                     .  \\it  e«:Up«c  to  the  year  6lO  l^oT^   "•■>•» 


;  HISTORY  OF  ASTRONOMY.  19 

If,  then,  there  be  no  reason  to  doubt  truly  unfortunate,  that  in  atf emptmgf  to 

(hat  Thales  predicted  the  iihenomenon  in  invesfiffato  the  doctrines  of  these  an- 

question,  we  can  hardly  fail  to  admit  that  cicnt  philosophers,  we  are  compelled  to 

his  method  was  IxuTowed;  and  borrowed,  have  recourse  to  authors  whose  i^o- 

in  all  probability,  from  Chaldea.   For  it  ranee  of  astronomy  too  often  makes 

IS  sufficiently  clear  that  nothing:  but  a  their  accounts  unintelli^i))le.  Thus  Dio- 

▼ery  lonj^  series  of  observations,  con-  genes  tells  us,  that  Tliales  found  the 

ducted  with  care  and  regularity,-  could  magnitude  of  the  moon  to  be  ^i^th  part 

enable  any  man  to  arrive  at  this  know-  of  the  sun ;  a  statement  clearly  absurd,  if 

ledge ;  such  observations,  as  we  have  no  meant  to  apply,  as  it  evidently  must,  to 

reason  for  supposing  to  have  been  made  their  apparent  diameters.    But  a  pas- 

in  Greece  at  these  early  times ;  while,  sage  of  Apuleius  *  shows  us  the  real 

on  tlie  other  hand,  we  have  seen  that  meaning  of  the  determination  so  grossly 

the  Chaldeans  were  in  possession  of  a  misunderstood  by  Diogenes.     Thales, 

period  which  enabled  them  to  predict  he  tells  us,  determined  the  magnitude  of 

pretty   accurately   the    recurrence    of  the  sun  in  parts  of  its  own  orbit:  now, 

eclipses.  ^ioth  part  of  a  great  circle  is  30' :  the  real 

Again,  if  we  admit  that  Thales  ex-  diameter  of  the  sun  may  be  taken  at  a 
plained  the  causes  and  predicted  the  oc-  mean  not  far  from  32' ;  so  that  we  see 
currence  of  eclipses  of  the  sun,  we  can  the  measure  of  Thales  was  a  good  ap« 
hardly  doubt  that  he  was  able  to  do  the  proximation  for  those  early  ttmes.f 
same  with  regard  to  those  of  the  moon.  We  have  stated  above,  that  the  con* 
Eudemus,  indeed,  according  to  Anato-  stellations  of  the  zodiac  do  not  seem  to 
lius,  attributes  the  discovery  of  the  have  l)een  known  in  Greece  before  the 
causes  of  the  moon*s  light  and  her  time  of  Thales.  In  fact,  Eudemus,  whose 
eclipses  to  Anaximenes,  one  of  the  sue-  early  date  and  astronomical  knowledire 
cessors  of  Thales.  In  general,  we  may  make  his  testimony  of  grcut  wcisrlit, 
remark,  that  it  is  very  difficult  to  deter-  states  that  tliey  were  invented  by  CKno- 
mine,  amid  conflicting  testimony,  to  pides  of  Chios,  a  Pythajforean  philoso- 
which  of  the  philosophers  of  these  times  pher,  generally  placed  considerably  after 
particular  discoveries  are  to  be  referred,  the  time  of  Thales];.  However,  .that 
though  thi're  is  a  general  agreement  as  they  were  not  of  Greek  origin,  seems 
to  the  doctrines  taut^ht  in  the  Ionian  and  highly  probable,  let  them  have  been  in- 
I^ythaeorean  scliools.  Thus  Pliny  ♦  re-  troduced  into  that  country  when  they 
fers  the  discovery  of  the  obliquity  of  the  may.  To  establish  this,  it  is  not  neces- 
ecliptic  to  Anaximander, — Plutarch  t  to  sary  to  insist  upon  the  zodiacs  disco- 
Pythagoras,  or  (Knopides  of  Chios, —  vered  in  £g>'pt,  since  their  antiquity 
Eudemus  to  some  author  whom  he  does  has  been  disputed ;  but  from  the  testi- 
not  name];,  but  different  from  all  of  these,  mony  of  ancient  authors,  it  is  clear  that 
and  who  fixed  it  at  24^.  But  Thales,  the  zodiac  of  Chaldea  and  Egypt  was 
who  is  said  to  have  written  on  the  length  identical  with  that  of  Greece ;  and  no 
of  the  tropical  year,  and  on  the  position  doubt  can  remain  as  to  which  was  bor- 
of  the  solstices  and  equinoxes  jf,  coidd  rowed  from  the  other.  The  Syntaxis 
hardly  have  been  ignorant  of  the  fact  of  of  Ptolemy  establishes  this  identity 
the  obliquity,  even  if  he  were  not,  as  in  the  case  of  Chaldea  and  Greece. 
seems  likely,  the  author  of  this  ancient  In  the  planetary  observations  of  the 
valuation.  A&rain,  the  invention  of  the  Chaldeans,  quoted 'in  that  work,  the 
^omon  is  attributed  1)y  Dios^enes  Laer-  place  of  the  planet  in  the  Chaldeiiu 
tius  n  to  Anaximander, — and  by  Pliny  ^  zodiac  is  first  given,  and  then  reduced 
to  Anaximenes, — while  Herodotus,  with  to  the  Greek :  though  the  respecti\  e  con- 
much  more  probability,  says  it  was  bor-  stellations  did  not  quite  coincide  in  space, 
rowed  from  tlie  Babylonians**.  It  is  yet  the  names  are  always  identical,  except 
m  one  instance,  where  it  ai)pears  that  the 

•  Pliny,  11. 8.        t  nc  Piacit.  FLU.  ii.  12.  Chaldeans  gave  the  name  of  the  Balance 

S  Fabric.  nibliot1iec.(ir«c.  I.e.  

I  Diofc.  Larrt.iDThaletc.  

■   I  InTita  Anuzimandri.    ^11.  e.  6S.  Anaximander  and  Anaximenes  contlited  in  the 

**  Sec  tbf  poxvago  quoted  abore,  chap.  lit.  With  pablicatlon  of  what  they  hod  Icarut  from  Thalc*. 
fVgard  In  ThaleR,  we  may  observe,  that  Themis-        *  Florid. 

ttna.  In  a  ]iawage  quoted  by  Fabrleiiu,  BIbliotbcc.        t  V.  Montncla,  vol.  I.  p.  106.    Ballly,  Astron. 

Onec.  vol.  I.  p.  if31f.  tayii,  that  Anaximander  was  Anc.  p. 441. 

i^c  firvt  person  who  published  any  of  the  doctrinal        S  Pliny  refers  the  invention  to  CX^o^VtuVw^  ^^ 

of  Thales, — this  latter  having  written  nothing  him-  Tenedoa, «  phUomipYicT  ta\\ve.i  vo^^'^^uif  ^^  TXidXc^* 

self.    Thia  would  tend  to  conlirm  the  Tiew  trnken  but  before  the  i\me  vo  w\i\cYv  Anov^^  ^  ^'^'^^^'^ 

In   the  lot,  that  tin  prttcfldtd  dfwofuflw  pf  referred,    V.HWX.1)U«\V.B, 


20  HISTORT  OF  ASTR0N0M7. 

to  the  constellation  called  by  the  Greeks  Archytas  of  Tarentom,  *RiitaiiB  LoeAif, 

the  claws  of  the  Scorpion*.    FVom  a  and,  m  later  timet,  Ariatarehna  of  8a« 

fragment  quoted  by  Delambre  t.  it  seems  mos* .  Others,  as  Heradides  of  Ponhis, 

that  the  E^ptians  also  named  the  claws  and  Eephantus.  admitted*  we  are  toU, 

of  the  Scorpion  the  Balance.^  merely  the  earth's  diurnal  rerolntioa  on 

To  this  we  may  add  the  very  curious  its  axist.  One  cannot  help  feeling  some 

circumstance,  that  the  zodiac  of  India  surprise,  that  after   the   true  ayatem 

is  nearly  identical  with  that  of  Greece :  of  the  world  had  once  been  promid- 

and  Humboldt  {has  shown,  in  a  very  in-  gated, — when  it  had  been  adopted  bf 

tercsting  memoir,  that  the  twelve  Indian  a  numerous  school,  and  aome  of  the 

signs  are  taken  from  among  the  twenty-  most  distinguished  astronomers,  —  it 

seven  lunar  mansions,  or  constellations  should   have   fallen  aubseqiienthf  into 

of  the  lunar  zodiac,  mentioned  in  the  comparative  oblivion.     No  doubt  the 

first  and  second  diapters  of  this  Trea-  ancients  had   not  the  same  dediiTe 

tise  $.  proof  of  the  motion  of  the  earth  that 

Nothinc:,  perhaps,  is  more  remark-  we  have  in  the  at)erration  of  the  fixed 
able, — and,  if  we  refuse  to  admit  the  stars ;  and  the  infinite  distance  of  these 
oriental  origin  of  Greek  science,  more  bodies,  which  is  a  necesaary  eonse- 
inexplicable, — than  the  circumstance  of  quence,  may  have  staggered  many  of 
the  true  doctrine  of  the  motion  of  the  them.  But  the  fiict  in  queation  is  prin- 
eirth  having  been  promulgated  in  the  cipally  to  be  attributed  to  the  wide- 
schools  of  Pythagoras  ||  and  Thales.  spreading  influence  of  the  Peripatetic 
That  this  was  the  case  with  regard  to  school,  whose  founder,  Ariatotle,  had 
the  former,  is  well  known ;  and  it  is  ge-  strenuously  combated  the  Pythagonan 
nerally    supposed  that  Philolaus,   the  doctrines}. 

auccessor  of  Pythagoras,  was  the  first  It  is  a  circumstance  by  no  means  to 
to  teach  it  openlylT.  But  there  arc  some  be  overlooked,  that  Pythagoras  had 
reasons  for  sup}K>sing  that  it  had  been  travelled,  according  to  the  testimony  of 
among  the  doctrines  professed  at  an  all  his  biographers,  into  Egypt  and  the 
earlier  period  by  Anaximander.  Eude-  East,  and  some  say  that  he  penetrated 
mus,  wliom  we  have  frequently  had  oc-  as  far  as  India  (.  Some  corraA>oraticm 
casion  to  quote,  af&rms,  in  the  most  of  this  circumstance  might  be  found  in 
express  terms,  that  this  was  the  system  his  metaphysical  doctrines,  evidently 
of  Anaximander**.  If  this  l>e  true,  borrowed  either  from  India  or  JSgypt; 
it  is  as  probable  that  this  nhiloso-  but  to  confine  ourselves  merely  to  astro- 
pher  merely  published  what  he  had  nomy,  we  may  notice  opinions  aznlogous 
heard  from  Iiis  master,  as  [in  the  case  of  to  those  known  to  have  existed  in  the 
Philolaus  and  Pythagoras  tt.  Cicero  JJ,  countries  we  have  mentioned.  We  hate 
on  the  authority  of  Theophrastus,  attri-  seen  the  belief  of  the  Chaldeans  about 
butes  this  system  to  Hicetas  of  Syra-  comets,  accordins:  to  the  aceount  of 
cuse ;  and  tliis  is  partly  confirmed  by  Apollonius  Myndius :  the  Pythagoreaa 
Plutarch  H.  It  certainly  was  embraced  doctrine  on  this  subject  beara  the  greit- 
by  some  very  eminent  men,  such  as  est  analogy  to  it  These  philosopberi 
•  supposed  comets  to  be  bodiea  aa  aneieot 

•  V.  ptoi.  Syntax.,  lib.  ix.  c.  7.  as  the  universc,  revolving  round  the 

I  MonumeurdirpcW^lii'^"^^          de  I'Anie.  f^^".'  ^nd  vwible  oulv  in  a  Certain  part  of 

riqiie.  their  orbit.    Yet  this  aubhme  cononn 

*  The  •tatements  of  Macrobiui  and  Sextua  Em-  tion  shared  the  fate  of  the  system  of  the 

pencua.  on  the  zodiac,  have  been  mentioned  above.  ^     ^.t,           »■            rpt.      -n     •    '*   »•            -. 

They  are  in  complete  accordance  with  what  ia  eartn  S  mOtlOU.      Ihe  fCripatetlCS  WeW 

here  advanced.  oncc  morc  triumphant  over  truth  aod 

.„V™«.ZrNr:.''c"r •'''''"'''• '•"•••"'  "ason;  and  for  eurhteen  centuries,  it 

il  V.Plutarch dePiucit.  Phiiofl. lib. iii.cr.  13 and  was  almost    univcrsally  admitted  tRlt 

17  ;  Dio;;.  Lacrt.  in  Philolao.   Philoiaua  flouriabed  thcSC  bodieS  Were  simplv  mctCOrS  enseO- 

About  4uU  li.v.  J         ,  .      .,       .            4.  •    I     *              i_ 

••  Kabrio.  jiibiiothec.  circpc.  1.  c.  Delambre  uereo  in  the  terrestrial  atmosphere. 

groBuly  mistranolales  thi^  ))aii»aee.     Aatroo.  Anc,  The  philoSOphlCal   idcaa  Of  the  Pfthl- 
vol.  i.  p.  Ifi.     It  iH  but  lair  lo  state,  that  Simpllciui 

places  Anaximander  anionfj;  those  who  conceived  - 
the  earth  to  be  in  the  centre  of  the  univeric.    De 

Carlo,  lib.  ii.  •Archimedes  In  Arenario.— Plutarch  deFhfftt* 

tr  Plutarch  de  Placil.  Phil.  Iii.  11.  certainly  in-  Phil.  li.  24.    Plato  la  tnid  bf  Plutarch  to  have  w^ 

formi  ns  that  Thales  placed  the  earth  in  the  centre  KTctted,  in  bis  old  age,  haTliig  placed  the  eafthki 

of  the  univerue;  hiti  testimony,  however,  cannot  the  centre  of  the  unlrerse.—Qnaeat.  Plat, 

he  couclmavi:,  when  unsupported  by  any  other,  t  Plutarch  de  Pladt.  Phil.  Ul.  13. 

S:  QuiL'tt,  Academ.  iv.  '&J.  x  De  Coelo,  lib.  11. 

f  f  Vc  PUvH,  PhiL  i^l.  lo,  H  \«n)»\X«U^,\yMVn«h  Avnklas  ia  VMA 
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goreans  about  Iha  natnra  of  oometi  and  wai  a  lubject  mih  which  f he  atf rono« 

the  lystem  of  the  world,  render  us  not  men  of  Greece  were  occupied,  with  va- 

averse  to  admit  that  they  taught,  as  it  rious  success,  during  several  centuries, 

affirmed  by  some  authors*,  the  plurality  The  difficulties  arose  from  the  perse- 

of  worlds ;  that  they  believed  tne  fixed  verance  with  which  they  attempted  to 

atars  to  be  so  many  suns,  each  the  centre  conciliate  the  motions  of  the  sun  and 

of  a  system  similar  to  our  own.  If,  on  the  moon.    The  month  being  determined  by 

one  hand,  this  idea  is  found  to  be  ascribed  a  lunar,  and  the  year  by  a  solar,  revolu- 

to  them  only  by  some  very  ignorant  au-  tion,  they  must  soon  have  perceived  tluit 

thors,  on  the  other,  it  may  be  observed,  the  former  was  not  contained  any  in- 

that  the  notion  itself  is  much  too  sublime  tegral  number  of  times  in  the  latter. 

to  have  emanated  from  such  unphiloso-  Their  object,  then,  was  to  find  a  number 

phical  sources.  What  is  to  be  deeply  re-  of  years,  or  period,  at  the  end  of  which 

i^tted  is,  that  to  these  just  and  beautiful  a  restitution  would  be  effected,  and  the 

theories  the  Pythagoreans  should  have  beginning  of  the  month  and  the  year 

added  fanciful  and  extravagant  specula-  again  correspond.    This  problem  was 

tionsupon  numbers,  harmony,  and  the di-  more  difficult  than  they  seem  to  have 

mensions  of  the  celestial  orbits.  One  of  imagined ;  for,  in  the  first  place,  the  two 

these  fanciful  ideas  has  given  rise  to  the  revolutions  are,  strictly  speaking,  incom- 

celebrated  notion  of  the  music  of  the  mensurable;  and  secondly,  the  moon's 

spheres ;  it  would  seem  that  Pythagoras  mean  motion  is  subject  to  a  secular  ac- 

fancied  he  perceived  an    analogy  be-  celeration,  which   even  ifjan  accurate 

tween  the  distances  of  the  planets  and  period  could  be  found,  would,  in  the 

the  divisions  of  the  octave  in  music,  course  of  time,  render  it  inexact.   How- 

But  the  passai^e  in  which  this  doctrine  is  ever  it  was  not  impossible  to  find  some 

explained  bv  Pliny  t  ap|)ears  to  contain  practical  solution  which  would  be  tole- 

some  mistake,  for  as  he  has  stated  it,  it  rably  accurate  for  a  time  of  no  very  great 

is  incompatible  with  the  Pythagorean  sys-  length,  and  to  this  object  their  attention 

tern  of  the  motion  of  the  earth ;  and  even  was  directed. 

putting  this  out  of  the  question,with  an-  The  first  period  of  the  kind  alluded  to 

other  opinion  attributed  to  Pythagoras  was  one  of  eight  years,  proposed  by 

by  Pliny  himself {;  namely,  that  the  Cleostratus  of  Tenedos*.     To  under- 

norning  and  evening  stars  are  the  same,  stand  its  advantages  and  defects,  it  is 

From  the  way  in  which  Pliny  expresses  necessary  to  observe  that  the  Greek  lunar 

himself  on  this  last  point,  one  would  year  was  composed  of  354  days,  divided 

be  led  to  believe  that  P^Mhagoras  was  into  twelve  months,  alternately  of  29  and 

aware  that    Venus    and  Mercury  re*  30  days.    Cleostratus  proposed,  in  the 

volved  round  the  sun.    This  doctrine  course  of  the  eight  years,  to  insert  three 

we  have  before  seen  had  its  origin  in  intercalaiy  months,  of  30  days  each,  at 

Egypt ;  but  on  that  account  is,  perhaps,  the  end  of  the  third,  fifth,  and  eighth 

the  more  likely  to  have  formed  one  of  years  respectivelyt.    He  thus  got  a  pe- 

the  alleged  discoveries  of  the  Samian  riod  of  2922  days,  comprising  99  lunar 

philosopher}.  revolutions.    But,  in   reality,  99  lunar 

The  arrangement  of  their   calendar  revolutions  are  performed  in  somewhat 

more  than  2923  days,  12  hours ;  so  that 

at  the  end  of  the  period  there  was  an 


I  Hilt. 


Plutarch  dePiAc.  Phil.  ii.  16.  Achuir*  Tatiui  error  of  36  hours  ou  the  place  of  the 

.  muu  Nat  11. 23.    Cf.  Ccnaorinum  de  die  Na-  mOon. 

t«Uo.  Venous  methods  were  proposed  to 

I*  ^•.\«7-.?Jtt"o-u5.'':S;'*i«.ti«  Of  rtcmy  .hi,  defect,  but  none  with  nmch 

vwiom  ahaurd  opinlona  attrihated  to  the  phlloao-  SUCCCSS  till  we  COme  tO  the  time  01  Me- 

pbara  of  the  Ionian  and  PyUiagorean  achoola  by  ton.  This  astronomer  immortalized  him- 

■OBBC  of  the  latrr  writers  of  antiquity.    Tbeie  ato*  -„ir  i-„  «u«    l^^^^ti^^  ^f   «    «*.,«    <»..»1» 

ricaare  always  dUier  at  rariance  With  what  we  86"  by  the    invention  of  a   new    Cycle, 

kiiow  from  more  ancient  and  authentic  soarcea,  or  whlch,  taking  into  aCCOUnt  the  acCUracy 

S^'S!lf';S^'^rXl.b.''Xlr,iu»  compjired  with  the  numl.er  of  years  con- 

the  narrator.   It  would  be  a  waate  of  time  to  dia-  tained  in  the  penod,  may  06  consiaereci 

cusa  all  the  absurdities  of  this  nature  to  be  found  gj  |tie  mOSt  perfect  ever  proposed.      For 

in  Plutarch,— an  author  whose  inaccuracy,  careleea-  •-    •        i^„^  Ji^A.   •.    •      ^J"    J^  4],«  »*oa«' 

Bcaa.  and  ioconsisuncy  are  not  yet  piperly  ap-  it   18   clear  that   it   IS    one  of  the  great 

Sreclatcd.    A  recent  historian  or  astronomy  has  merits  of  a  Cyclc  of  this  kind,  intended 
rawn    largely,    and    almost   ezcluslTely,  fh>ni 

him  in  hla  iketch  of  the  notions  of  Thalca,  Pytba-  "~                                                  _—— ^— 

Kirns,  and  their  aaccoMra*    Vt]>elaiiU).|Op.  ell*  *  Cenaorlana.  c.  V9. 

otiou  OvBlrski.  f  V.  OeniUu  Uaftot*  c  ^ 
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for  the  purposes  of  civil  life,  to  comprise  any  error  on  the  moon's  plaec,  thctagh  if 

as  small  a  number  of  years  as  possible,  will  leave  one  of  more  than  a  dajr  on  that 

The  cycle  of  Meton  was  composed  of  19  of  the  sun.    However  this  period  never 

lunar  years,  in  which  seven  months  of  seems  to  have   been  much  used  even 

30  days  were  intercalated ;  namely,  in  among  astronomers;  Ptolemy  though  a 

the  3d,  6th,  8tli,  Uth,  I4th,  17th,  and  follower  and  admirer  of  Hipparchns.em- 

19th  years.    Besides  this,  some  altera-  ploys  in  preference  that  of  Callippua. 

tion  was  made  in  the  distribution  of  The  celebrity  of  Eudoxus  of  Unidus, 

the  ordinary  months :  instead  of  hav-  rather  than  his  real  merits,  induce  us  to 

inu:  them  alternately  of  29  and  30  days,  say  a  few  words  of  him  in  this  place.   It 

there  were  110  only  of  the  former,  and  is  difficult  to  say  upon  what  the  astro- 

125of  the  latter,  in  the  period.  To  judge  nomical  reputation  of  this  philosopher 

of  the  accuracy  of  the  Metonian  cycle,  is  founded.     He  was  the  friend   Imd 

we  must  consider  that  19  solar  years  contemporary  of  Plato,  and  a  distin- 

comprise  very  nearly  6939  days,  14  hours  guished  geometer,  but  his  merits,  whe- 

25  minutes ;  and  235  lunar  revolutions  ther  as  an  observer  or  a  theorist  in  as- 

comprise  6939  days,  16.^  hours  nearly;  tronomy,  appear  to  be  very  equivoML 

so  that  at  the  end  of  this  time  the  mnon  He  composed  a  description  of  the  sphere 

was  only  about  two  hours  behind  the  Which  enjoyed  great  celebrity  among  the 

sun.    The  cycle  of  Meton  comprising  ancients,  but  it  would  seem  from  the 

6940  days,  after  one  period  the  sun  had  poem  of    Aratus  which  was  founded 

already  commenced  his  revolution  nine  upon  it,  and  from  the  commentary  of 

hours  and  a  half,  the  moon  seven  hours  Hipparchus,  to  have  been  but  a  rongh 

and  a  half^    The  great  accuracy  and  and  inaccurate  production.     It  has  been 

convenience  of  this  invention  procured  supposed  by  Newton  and  others,  that 

it  universal  approbation;  it  was  adopted  Eudoxus  merely  copied  the  description 

throughout  Greece,  and  obtained  the  of  a  sphere  long  anterior  to  his  own 

name  which  it  still  bears  of  fhe  golden  time ;  but  we  rather  lean  to  the  opinion 

number.    The  first  cycle  began  in  the  of  Delambre,  who  seems  to  have  shown 

year  432  b.c.  pretty  clearly  that  the  positions  on  the 

Callippust  about  a  century  later  pro-  sphere  of  Eudoxus  are  essentially  inac- 

posedto  remedy  the  slight  defect  of  the  curate,  and  cannot  be  made  consistent 

cycle  of  Meton,  by  subtracting  one  day  by  a  reference  to  any  other  time  what- 

every   76  years.      This  was  done    by  ever. 

changing:,  after  four  periods  of  19  years,  Eudoxus  is  said  to  have  studied  thir- 

one  of  the  months  of  30  days  into  one  of  teen  years  in  Egypt*.     Seneca  informs 

29.     Callippus  thus  got  a  period  of  76  us  _that  he  brought  from  that  country 

years,  comprising  27759  days.    Now  we  into  Greece,  the    theory   of  the   five 


error  on  the  place  of  the  moon  then  was  parchus  was  obliged  to  abandon  the 

5\  54™;  on  the  sun  \4\  16"'$.     It  was  consideration  of  this  subject  from  the 

the  accumulation  of  this  error  that  en-  want  of  sufficient  observations.      We 

tailed  the  necessity  of  the  Gregorian  re-  owe  few  thanks   to   Eudoxus  J  for  a 

form  to  be  explained  in  a  subsequent  physico-mathematical  hypothesis,  which, 

part  of  this  treatise.    The  first  Callippic  having  been  adopted  by  the  Peripate- 

period  began  in  the  year  330  n.c.  tics,  spread  through  their  influence,  and 

The  above-mentioned  are  the  only  pe-  became  the  received  doctrine  on  these 

rimls  that  have  been  in  civil  usaire  ;  but  points,  till  the  final   overthrow   of  the 

Hippart'luis  apjieais  to  have  composed  school  of  Aristotle  in  the  sixteenth  cen- 

one  of  four  Callippic  periods  or  3U4  years,  tur}-.    He  conceived  that  each  planet 

at  the  end  of  which  he  subtracted  a  day.  had  a  sort  of  firmament  composed  of 

By  rtlerence  to  what  has  been  said,  it  several  concentric  solid  spheres,  whose 

will  be  seen  that  this  will  almost  destroy  different  motions  modified  each  other, 

___  so  as  to  represent  the  motion  of  the 

planet.    Thus,  in  the  case  of  the  siuii 


*  nuiily,  A««lron.  Anc.  p.  \i'2!». 

t  (ifiniini«.,  I.  c.     It  ir.  rather  Hinpiilar  Umt  (Je- ~" — 

nuiiii<»  iloi-K  n(it  n-fiT  ihe  iuveiitiuii  of  the  cycle  of 

iiinetei-M  ye.ir-*  to  Metmi  nnd  Kucteiiiun,  who  are  •  Strabo,  lib.  ivii.  29. 

usn.iliy  t  •'iisKh-red  ii!>  iiiveutor«,  bul  tu  Kucteinou  t  QuteftL  Nut.  vii.  u. 

miii  Niiii|)j>ui.  t  AriBtoi.lUetauh.zl.  &Cf.SImpUctuiDdcCeel0i 

}  iiailJy,  p.  I'-Jy.  \\\».\V.                                     •  ' 
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fhera  wm  tHne  of  tlwM  sphmf,  oim 

k«voWing  from  cart  to  west  in  twenty.  Cbafrs  VI. 
four   houri   for  the   diurnal   motion,  7%-  s^hnnl  nf  Au-w^n^^^^      a^  #— 
another  ret olfini?  from  west  to  eart  in  ^^T^Z^^ 
365J  day.  for  the  proper  motion,  and  a  f^'^nr^K     u-^'^^^            ^-^ 
third  toVepi«.ent  a  pKtended  motion  of    ,  '^'  ^<«rih.^Htpparchui.^ Ptolemy. 
the  sun  in  latitude.    As  the  motion  of    ^'  ^^^^  "ow  arrived  at  an  important 
one  sphere  was  not  supposed  to  have  «poch  in  the  history  of  Astronomy,— the 
any  influence  on  that  of  another,  each  foundation  of  the  school  of  Alexandria, 
planet  was  obiij^ed  to  have  a  separate  ^^hen  at  the  division  of  the  empire  of 
sphere  for  the  diurnal  motion  common  Alexander,  £g>'pt  fell  to  the  share  of 
to  them  all.    The  number  of  spheres  in  l^tolemy    Lagus,  and    his    successors, 
the  system  of  Eudoxus  amounted  to  ^^^^^  princes,  inspired  with  the  laudable 
twenty-six,  but,  as  fresh  inequalities  were  &°ihition  of  makinc:  their  capital  the 
perceived,  it  became  necessary  to  aus;-  centreof  the  literary  and  scientific  world, 
ment  their  number  very  considerably,  collected  round  them  the  most  distin« 
and  to  increase  at  the  same  time  the  Swished  philosophers  of  the  time,  founded 
complication  of  the  hypothesis.  ^  magnificent  and  extensive  librarjr,  and 
Pytheas,  of  Marseilles,  a  celebrated  "Pared  no  expense  in  the  promotion  of 
traveller  and  geographer,  generally  sup-  philosophical  researches.    Under  their 
posed  to  have  lived  about  the  time  of  protection  flourished  a  number  of  dis- 
Alexander  the  Great  *,  deserves  par-  tinguished  astronomers,  who  have  made 
ticular  notice,  as  the  author  of  one  of  ^*^*  school  of  Alexandria  for  ever  famous. 
the  most  remarkable  observations  on  ^^®fin^no'^»  for  the  first  time  in  Greece, 
record  in  Grecian  history.    Thoiieh  the  *  "^^"larly-con tinned  series  of  obsenra- 
gnomon  was  certainly  known  in  Greece,  ^ions,  the  only  real  basis  upon  which 
at  least  as  early  as  the  time  of  Herodo-  *h«  science  could  be  founded.     They 
tus,  very  few  observations  seem  to  have  ^®™  l^gun  \vf  Aristillus    and  Timo* 
been  made  with  it;  very  few  at  least  charis  ♦,  who,  if  we  may  judge  from  the 
have  come  down  to  us.    The  earliest  on  observations  recorded  by  Ptolemy,  gave 
reconl  is  a  summer  solstice  observed  at  ^^f^''  Attention  particularly  to  the  deter- 
Athens  by  Meton  and  Euctemon,  in  the  mination  of  the  positions  of  the  fixed 
year  43*J  b.c,  which    has  Ixien  pre-  •^*"*    The  first,  however,  of  those  great 
served  by  Ptolemy  t.    The  next  is  the  men  who  have  reflected  so  much  cele- 
observation    of   Pytheas    in    question.  ^^^^Y  on  this  school,  is  Aristarchus,  of 
Strabo  informs  us,  that  according  to  8<^°iost>  a  distinguished  advocate  of 
Hipparchus,  the  same  ratio  existed  be-  ^^  Pythagorean  system  of  the  motion 
tween  the  e^iomon  and   the   solstitial  of  the  earth,  who  seems,  from  the  testi- 
ahadow  at  B\zantium,  that  Pytheas  had  ^^^y  of  Archimedes,  to  have  foreseen 
observed  at  Marseilles;  and  in  another  *"4  answered  the  only  serious  objection 
place  he  informs  us,  that  the  ratio  ob-  ^o  it,  that  arising  from  the  non-existence 
served  at  Byzantium  was   120  to  4  If.  of  an  annual  parallax.    He  gave  the  only 
Now,  the  fact  is,  that  Byzantium  and  answer  that  could  be  given  at  present, 
Marseilles  are  not  under  the  same  pa-  fy  saying  that  the  earth's  orbit  is  insen- 
rallel ;    on  the  contrar}',  the  latter  is  "*^^«»  when  compared  with  the  distance 
more  than  two  degrees  to  the  northward  ^^  *he  fixed  stars. 
of  Byzantium,  and  its  latitude  is  about  Aristarchus  is  the  author  of  an  in- 
46°  42'.    The  observation  in  question  jTenious  method  for  determining  the  dis- 
gives  for  the  latitude  of  the  place  of  ob-  **"ce  from  the  earth  to  the  sun,  which 
servation  46°  48'.    We  see,  then,  that  "  worth  notice.    Let  £  be  the  position 
the  observation  was  made  at  Marseilles,  of  an  observer  on  the  earth*s  surface, 
mnd  with  a  care  which  reflects  much  ^  ^h®  centre  of  the  moon,  S  that  of  the 
civdit  on  Pytheas  {.  >un,  join  S  M,  S  £,  £  M.    It  is  not  dif- 
ficult  to  see,  that  when  the  line  which 

•  330  B.C.  t  Syntu.  lib.  III.  e.  2. — 

X  A  curious  instance  of  th«  parlliHly  of  De  ihU  clrcnniiUnce,  DeUmbre,  who  vlshrs  lo  emit 

laoibre  U  to  be  foaod  in  hit  Astron.  Anc.  vol.  I.  Hlpparchat  m  much  aH  poHible,  •upprcHct.    It 

p.  ISL     He  tays  that  Pythraa  fuund  UaraclUet  lidifflcnlt  to  conceive  that  this  waa  done  from  bot 

•lid  ByianUum   to  be  uuder  thv  aame  parallclp  miitake,  u  he  refers  to  de  Each,  who  has  com- 

and  thence  he  conclurleR,  that  the  observation!  pletely  exculpated  Pytheas  from  the  charge,  and 

Af  this   astronomer  are  not   to  be  relied  upon,  shown  that  It  ought  to  fall  on  Uipporchm.— Vid« 

>k'ow,  Strabo  expressly  states,  ii.  5.,  that  it  was  lach.  Attraction  des  Uontagiies,  voJ.  U. 
Mipuarchus    who    observed    the    length  fA  the         *  Abo«t3lHIB.C. 

shadow  at  ttysantium,  and  funnd  It  to  be  the  same         t  His  dttle  \%  ax«d\>'«  »n  «ibicr««X\oTk«t^lKMdu(% 

M  ihmt  observed  at  AlarMUict  byPyUicu.   But  liitktiasniB.Q.,a\^«aV^Y>A\itmi. 
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separata  the  datk  from  fhe  enligliteiied   tendered  for  ever  meinonfilebyibeflrit 
aide  of  the  moon  biieota  her  diak»  the    attempt  to  determine  the  dimemiona  of 

the  planet  on  which  we  hve.  The  sphe- 
rical fig^ure  of  the  esxth  had  loa|^  been 
known  in  Greece:  it  had  been  tamit  in 
the  Ionian  and  Pythagorean  achodifl, 
and  subsequently  among  the  Peripate- 
tics ;  in  fact,  it  is  a  trath  of  too  ot>- 
vious  a  nature  not  to  strike  observers 
even  in  the  most  incipient  state  of  the 
science.  But,  to  determine  the  magni- 
tude of  this  sphere  was  a  problem  of 
some  difficulty,  nor  have  we  any  reason 
to  believe  that  it  was  attempted  before 
the  time  of  the  philosopher  just  men- 
sfaraii^ht  line  E  M  will  be  perpendicular  tioned.  Aristotle  •.  indeed,  tells  us  that 
to  S  M.  If.  then,  at  the  instant  this  the  mathematicians  had  fixed  the  cir- 
bisection  takes  place,  we  measure  the  cumferenceof  the  earth  at  40000  stadiL 
ansrle  S  E  M.  we  shall  be  able  to  deter-  But  this  seems  merely  to  have  been  a 
mine  the  ratio  of  E  S  to  E  M.  Aris-  rouph  estimation ;  nor  is  it  worth  dis- 
tarchus  found  this  angle  S  E  M  not  less  cussing  the  value  of  the  stadii  here 
than  eighty-seven  degrees,  whence  he  used,  which  would  be  very  difficult  to 
concluded  that  the  sun  was  at  least  ascertain.  Simpliciust  tells  us  that 
eighteen  or  twenty  times  as  far  from  the  Aristotle  meant  the  surface,  not  the 
earth  as  the  moon.  The  fact  is.  that  it  circumference,  of  the  earth.  This  may 
is  a  sreat  deal  farther.  The  practical  ly^  doubted ;  but  one  thing  seems 
difficulty  of  the  method  lies  in  the  diffi-  clear,  that  this  commentator  attached 
culty  of  determinins:  exactly  the  instant  jjttie  imijortance  to  Ihe  determinatwn  of 
at  which  the  moon  is  dichotomized,  as  it  Aristotle,  as  he  himself  gives  a  veiy 
is  called ;  still  the  method  of  Aristarchus  ditierent  one,  without  remarking  the 
showed  much  ingenuity,  and  his  results  discrepancy  as  one  of  importance, 
carried  the  limits  of  the  universe  much  'jhe  method  adopted  by  Eratosthenes 
farther  than  had  been  admitted  before  jg^  j^  its  principle,  the  same  which  has 
his  time.  l^een  usea  by  astronomers  in  aJ)  subse- 

Aristarchus  has  attempted  to  deter-  q^jnt  measures  of  the  same  kind  J.  It 
mine  as  well  the  apparent  diameters  as  consisted  in  determining  by  celestial 
the  distances  of  the  sun  ami  moon.  That  observations  the  difference  of  latitude 
of  the  sun.  he  estimated,  like  Thales,  at  between  two  places  lying  under  the  same 
thirty  minutes;  but  he  seems  to  have  meridian,  and  then  measuring  the  dis- 
committed  some  mistake  on  that  of  the  tance  on  the  earths  surface  between 
moon :  however,  the  real  diameter  of  them.  Hence  he  deduced  the  length  of 
that  body  he  valued  at  rather  less  than  one  degree  on  this  surface,  and  mulli- 
one-third  that  of  the  earth,  which  may  ^ly^^  j^  by  360°,  he  found  the  magni- 
be  considered  as  a  near  approach  to  the  tude  of  the  entire  circumference.  The 
^^^^^'  II   ,   XI      *nn_     nu  extreme  points  of  his  arc  were  Syene  in 

The  poem  called  the  'The  Pheno-  UpperEgypt,  and  Alexandria.  The  former 
mena  of  Aratus.  perhaps,  deserves  a  place  was  supposed  to  be  exactly  under 
short  notice  here,  not  on  account  of  any  the  tropic  of  Cancer,  from  the  arcum- 
intrinsic  merit,  so  much  as  the  celebrity  ^^^^^^  ^j^^t  on  the  day  of  the  summer  sol- 
It  enjoyed  among  the  anaents,  havmg  j^tice  for  a  space  of  about  300  stadii  verti- 
been  commented  upon  by  Eratosthenes,  cal  bodies  threw  no  shadow.  At  midHiay, 
Hipparchus.  Gemmus  Achilles  Tatius.  then.onthesummersolstice,thatis,atthc 
and  many  others ;  and  translated  into  moment  at  which  the  sun  was  supposed 
Latmbyuicero  Germanicus.andAnie-  to  be  vertical  at  Syene,  Eratcth^ 
nus.  It  consists  principally  of  an  ac-  nieasured  the  sun's  zenith  distance, 
count  of  he  constella  ions,  with  their  ^hich  gave  him  at  once  the  difference 
achronical  and  heliacal  risings  and  set-  ^f  latitudes.  Tliis  zenith  distance  he 
tings,  borrowed  froni  the  treatise  of  ^^n j  ^^  ^^  y^^  rt  of  the  circumfcr- 
Eudoxus  on  the  Sphere.    The  astro-  '^ 

nomical  part  has  been  severely  but  not    "  ' 

unjustly  criticised  by  Hipparchus.  *  ^«  ^}/**  J!^-  j}-'  ■***»  ^"«°» 

The  name  of  Eratosthenes  has  \ie«u      ^  vtciwiei  Metwr.,  ub.  i.,  c.  lo. 
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flBoe^or  7^19f**   IbedkAaiioe  between  end  that  one  of  the  beet  importiBee^ 

Syene  and  Alexandria  be  estimated  at  has  deioendcd  to  posterity;  a  commen- 

^000  stadii:  he  found  thus,  for  the  taryonthe^Phenomenaof  Aratus.    Thia 

length  of  thecireum&renoe,  250,000  sta-  astronomical  poem  is  in  fact  a  descrip- 

dii.  To  judge  of  the  accuracy  of  this  mea-  tion   of  the  sphere,  the   materiids  of 

sure  we  o^ght  to  know  what  was  the  which  Aratus  seems  to  have  taken  from 

valueof  the  stadii  employed,  about  which  Eudoxus ;  the  positions  of  the  stars  are 

there  is  great  uncertainty ;  but  it  is  at  given  in  a  very  rough  and  often  in  a 

once  obvious   that  there    are  several  very  inaccurate  manner,  and  scarcely 

sources  of  inaccuracy.  Syene,  we  know,  deserve  a  commentary  from  an  astro* 

is  not  under  the  meridian  of  Alexandria,  nomer  so  eminent  as  Hipparchus.    This 

but  nearly  three  degrees  to  the  eastward  commentary  seems  to  have  been  written 

of  it ;  it  IS  also  about  50'  to  the  north  of  when  Hipparchus  was  a  young  man ; 

the  tropic ;  lastly,  the  distance  between  at  all  events  before  he  had  discovered 

this  place   and  Alexandria  seems    to  the  general  motion  of  the  stars  in  longi- 

have  been  estimated,  not  measured.  tude,  to  which  it  contains  no  allusion. 

About  two  centuries  later,  Posidonius  The  most  interesting  fact  that  can  be 

made  an  attempt  to  verify  the  measure  elicited  from  it  is,  that  Hipparchus  was 

of  Eratosthenes  t.    He  observed,  that  then  in  possession  of  a  method  for  the 

in  the  island  of  Rhodes  the  star  Cano-  resolution  of  spherical  triangles.*    As 

pus  just  grazed  the  horizon,  while  its  we  find  no  traces  of  the  science  of  sphe« 

meridian    altitude    at  Alexandria  was  rical  trigonometry    in    any    preceding 

74  degrees.    The  distance  of  the  two  author,  Delambre  concludes,  and  appa- 

places  he    estimated  at   5000  stadii;  rently  with  reason,  that  Hipparchus  was 

nence  he  got  the  length  of  the  circum-  the  inventor  of  it.    This  is  certainly  not 

ference,  240,000  stadii.    But  this  mea*  the  least  of  the  obligations  we  owe  him; 

sure  is  perhaps  still  more  inaccurate  than  for  it  is  evident  that  astronomy  could 

the  former :  the  distance  being  across  the  make  little  progress  without  the  assist- 

sea,  could  only  be  most  roughly  esti«  ance  of  trigonometry.    But  though  the 

mated;  and  there  is  also  more  than  a  works  of  Hipparchus,  with.t  his  exception, 

degree  of  difference  in  the  longitudes  of  are  lost,  we  are  able  to  ascertain  pretty 

the  extreme  points.  exactly  the  extent  and  nature  of  his 

But  to  return  to  Eratosthenes:  he  discoveries  from  the  great  Syntaxis  of 
teems  to  have  observed  the  winter  as  Ptolemy.  We  see  there  that  the  foun- 
well  as  the  summer  solstice  at  Alexan-  dations  of  nearly  all  the  theories  deve- 
dria,  for  we  possess  a  valuable  determi-  loped  by  Ptolemy,i  were  laid  by  Hip- 
nation  of  the  obliquity  of  the  ecliptic  by  parchus:  the  additions  made  hy  the 
him  ]; :  he  is  said  to  have  fixed  the  angle  lormer  will  be  examined  in  a  subsequent 
between  the  tropics  at  i^  parts  of  the  part  of  this  treatise, 
circumference,  or  47^  42'  27",  whence  The  astronomers  of  Greece  for  se- 
we  get  for  the  obliquity  of  the  ecliptic  veral  centuries  had  supposed  the  exact 
83^51'  13";  the  theor]^  of  universal  length  of  the  solar  year  to  be  365  days 
gravitation  would  make  it  about  7'  less,  and  a  quarter.  Hipparchus  by  compar- 
which,  under  all  the  circumstances,  is  ing  one  of  his  own  observations  of  the 
an  inconsiderable  difference.  summer  solstice,  with  one   made  145 

Among  the  distinguished  men  pro-  years    previously    by    Aristarchus   of 

duced    by  the  School  of  Alexandria,  Samos,  discovered  tms  to  be  too  great. 

Hipparchus}  stands  pre>eminent.    He  He  found  that  the  solstice  arrived  12 

has  oeen  called  the  Father  of  Astronomy;  hours  sooner  at  the  end  of  these  145 

and  it  is  unquestionable  that  by  his  labours  years  than  it  ought  to  have  done,  on 

were  laid  the  foundations  of  the  science,  the  supposition  of  the  solar  year  being 

Far  surpassing  his  predecessors,  he  has  365^  days ;  12  hours  divided  by  145  gave 

been  equalled  by  few  of  his  successors,  him  the  diminution  to  be  made  on  the 

e>rhaps  by    none    except  Kepler  and  length  of  the  year.    In  this  way  he  found 
radiey.    Of  all  his  writings  only  one.  for  the  length  of  the  tropical  year  365 
^ —  days  5  hours  55  minutes  12  seconds. 

•  To  thia  matt,  in  all  proiMlriuty,  be  added  iST  The  suu  appearing  to  move  in  a  circle 

for  Um  tun**  •emidiameter:  the  Greeks  ffcncrallf  round  thp  earth    itw««   natural   tr^  «nrw 

•eem  to  have  neglected  UUe  corrceUon  )n  obitrv  rouno  me  eann,  II  was  natural  lo  SUp- 

ii«  with  the  gnomon.  posc  that  his  motiou  in  the  ecliptic  was 

*  v*^r*8 ?ux^**  uniform;  and] such  was  probably  tlv^ 
I  Bora  at  Mlcaa  ]n  SiUixafo  i  ioariahtd  about  
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opinion  of  the  early  astronomera  of 
Greece.  However  when  they  began  to 
make  observations  with  the  gnomon, 
they  could  not  help  perceiving  a  consi- 
derable difference  between  the  intervals 
of  the  equinoxes  and  solstices ;  intervals 
which  must  be  equal  were  the  motion 
of  the  sun  round  the  earth  uniform. 
Hipi>archus  undertook  to  investivate  this 
point.  He  observed  that  the  interval 
oetween  the  vernal  equinox  and  the 
summer  solstice  was  94^ days;  between 
the  summer  solstice  and  the  autumnal 
equinox  92\,*  Thus  the  sun  took  187 
days  to  describe  the  northern  half  of  the 
ecliptic,  and  only  I78i  for  the  southern 
half;  indicating  a  considerable  increase 
of  velocity  during  the  latter.  To  explain 
this  irregularity,  Hipparchus  supposed 
the  sun  to  move  round  the  earth  in  an 
excentric  circle ;  that  is  in  a  circle, 
whose  centre  did  not  coincide  with  that 
of  the  earth.  It  is  clear,  that  in  this 
case  the  sun,  though  moving  uniformly 
in  its  orbit,  would  appear  to  a  spectator 
at  the  earth  to  move  with  an  unequal 
velocity,  on  account  of  the  variation  of 
its  distance.  The  question  was  to  de- 
tennine  the  quantity  of  this  excentricity, 
that  is  to  say,  the  distance  of  the  earth 
from  the  centre  of  the  solar  orbit ;  and 
the  position  of  the  apogee  and  perigee, 
or  of  the  points  of  greatest  and  least 


distance.  Let  A  D  B  F  represent  the 
circle  in  which  the  sun  is  supposed  to 
revolve;  let  the  centre  of  this  circle  be 
at  C,  and  the  earth  at  E :  according  to 
Hipparchus  the  sun  revolves  with  an 
uniform  motion  round  C  :  it  is  evident 
that,  seen  from  E,  his  motion  will  appear 
unequal :  it  will  he  fastest  at  the  point 
B  or  the  perij^ee ;  slowest  at  A,  the 
apogee :  let  M  N  be  the  line  joinins: 
the  sun's  places,  at  the  two  solstices;  P  Q 
at  the  equinoxes:  the  object  of  Hippar- 


•  Ptol.  Syntax,    Ub.  U\. 


^hns  Wftsfo  BseerftdntheirttidofECto 
B  C,  and  the  arc  Q  A  which,  determinet 
the  position  of  the  apogee.  By  eom- 
biniiig  his  observations  of  the  eqainoses 
and  solstices,  he  found  the  excentheity 
6qual  to  ^^th  part  of  the  radius,  and 
the  longitude  of  the  apogee,  or  the  are 
Q  A,  equal  to  65**  30*.  This  value  of 
the  excentricity  is,  however,  toogreat 
by  about  one-sixth.  The  excentricity 
and  place  of  the  apogee  being  once 
known,  it  was  easy  to  construct  Tables 
which  should  give  the  sun's  position  at 
any  time.  For,  suppose  the  sun  to  be 
at  S,  then  as  he  is  supposed  to  revolve 
uniformly  round  C,  we  can  find  from 
the  time  taken  to  describe  the  arc  A  S, 
the  value  of  the  angle  ACS,  and  there- 
fore S  C  E  ;  and  in  the  triangle  8  C  £, 
C  E,  and  C  S  are  known,  whence  we 
may  find  C  S  E,  which  is  the  difference 
between  the  ansrles  ACS  and  A  E  S,  or 
between  the  mean  and  true  anomaly. 
This  difference  is  called  the  equation  of 
the  centre.  From  what  has  been  just 
said,  we  may  see  how  Hipparchus  cal- 
culated the  values  of  the  equation  of 
the  centre  corresponding  to  successive 
values  of  A  S,  or  the  angle  A  C  S,  in  his 
solar  Tables.  We  must  recollect  that 
the  instant  of  the  sun*s  passage  through 
the  equinox  at  Q  may  always  be  sup- 
posed known :  the  arc  Q  8  is  propor- 
tional to  the  time 'elapsed  since  the 
equinox,  and  is  soon  found:  QA  is 
known :  hence  we  find  A  S,  and  looking 
into  the  Tables,  find  the  corresponding 
equation  of  the  centre.  This  gives  us 
A  K  8,  and  consequently  Q  E  S,  or  the 
sun's  apparent  longitude  for  any  given 
time. 

From  the  theory  of  the  sun  Hippar- 
chus proceeded  to  that  of  the  moon. 
By  comparing  some  ancient  eclipses 
with  those  observed  by  himself,  and 
dividini»  the  interval  of  time  by  the 
number  of  revolutions,  he  obtained  the 
value  of  a  synodic  revolution  of  the 
moon.  By  methods  similar  to  those  em- 
ployed for  the  sun,  he  determined  the 
excentricity  of  the  lunar  orbit,  and  its 
inclination  to  the  ecliptic,  which  latter 
he  fixed  at  6°.  Finally,  he  is  said  to 
have  measured  the  motions  of  the  lunar 
apogee  and  node.  With  these  data  he 
calculated  the  first  Tables  of  the  sun 
and  moon  of  which  history  makes 
mention.  This  alone  would  have  se- 
cured for  him  the  gratitude  and  admi- 
ration of  posterity.  The  want  of  obser- 
vations, and  perhaps  the  difficulty  of 
VYvtvc  V\v<^Q!t^  v\  his  system,  prevented 
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kim'^froiii  attem|iUiis(  t  limilir  under-  theciidoraberiodwai'ab<ratoine-1buTth 
taking  with  reinurd  to  the  planets.  of  a  day.  ne  proposed  to  quadruple 
But  the  most  important,  perhaps,  of  the  period  of  CalHppUs,  and  then  to  sub- 
all  the  services  rendered  to  astronomy  tract  a  day.  This  new  period  brought 
by  Hipparchus,  was  the  formation  of  a  the  moon  a^n  to  the' same  place  pretty 
catalogrue  of  the  fised  stars.  If  we  con-  exactly :  the  error  on  the  sun*s  motion 
stder  the  boldness  of  the  attempt,  the  was  about  a  day  and  a  quarter,  which 
labour  of  the  execution,  and  the  im*  is  one-fourth  of  the  error  of  Callippus 
portance  of  the  result,  tlie  author  of  it  in  the  same  time, 
seems  not  undeserving  the  enthusiastic  We  have  some  reason  to  be  surprised 
praises  of  Pliny  \  8uch  a  catalogue  is,  that  the  discoveries  of  Hipparchus  were 
m  fact,  the  foundation  of  all  astronomy,  not  followed  up  by  succeedinit  astro- 
The  iixed  stars  are  ro  many  standard  nomers.  One  might  have  imairined  that 
points  to  which  the  celestial  motions  are  such  brilliant  success  would  have  stimu- 
referred,  and  the  determination  of  their  lated  others  to  the  further  development 
relative  distances  is  of  the  utmost  of  the  science;  but,  extraordinary  as  it 
importance.  By  comparing  their  po«  may  appear,  history  records  not  one 
sitions  at  distant  periods,  we  may  detect  astronomer  of  note  in  the  three  centuries 
those  small  variations  which  require  between  Hipparchus  and  Ptolemy.  The 
centuries  to  become  sensible ;  and  there  attempt  made  by  Posidonius  to  measure 
is  every  reason  to  believe  that,  if  we  a  degree  of  the  meridian  has  been 
possessed  a  really  accurate  catalogue  already  noticed :  a  few  authors  on  sphe- 
of  twenty  or  thirty  centuries  back,  we  rlcal  trigonometry  flourished  in  this 
should  be  in  possession  of  many  valua-  interval,  among  whom  may  be  distin- 
ble  discoveries,  which  i)erhaps  are  des-  guished  Theodosius  and  Menelaus ;  but 
tined  to  lie  hid  for  ages.  It  was,  indeed,  astronomy  itself  seems  to  have  made  no 
in  this  way  that  Hipparchus  was  led  to  progress  till  the  time  of  Ptolemy.  This 
his  great  discovery  of  the  precession  of  eminent  and  laborious  philosopher  felt 
the  equinoxes.  On  comparing  his  own  the  necessity  of  uniting  all  the  scattered 
observations  with  those  of  Aristillus  materials  existing  in  the  works  of  Hip- 
and  Timouharis,  made  150  years  pre-  parchus  and  others,  which,  combing 
viously,  he  ])erceived  that  all  the  tixed  with  his  own  discoveries,  formed,  as  far 
stars/while  they  retained  their  latitudes  as  the  knowledge  of  the  time  allowed,  a 
sensibly  unaltered,  had  advanced  about  complete  system  of  astronomy:  by  so 
two  degrees  in  longitude;  or  what  comes  doing  he  rendered  a  distinguished  ser- 
to  the  same,  the  equinoctial  points  ap-  vice  to  science ;  and  the  publication  of 
peared  to  have  retrograded  along  the  his  ^c/h^ctmh  ^tirrJ^tt  forms  an  important 
ecliptic  by  the  same  quantity.  It  was  epoch.  This  work,  which  has  fortunately 
reserved  for  Newton  to  explain  the  survived  the  barbarism  of  the  middle 
causes  of  this  singular  phenomenon.  ages,  formed  the  basis  of  all  the  astro- 
Such  is  a  brief  account  of  the  astro-  nomy  of  the  Arabians,  and  for  a  con- 
nomical  discoveries  of  Hipparchus:  we  siderable  time  that  of  modem  Europe, 
have  already  seen  that  he  was  the  in-  Its  importance  requires  here  a  concise 
ventor  of  trigonometry ;  it  also  appears  analysis. 

that  he  was  the  first  who  suggested  the       Ptolemy  begins  his  work  with  a  dis- 

method  of  fixing  the  positions  of  placet  cussion  of  the  relative  positions  of  the 

on  the  earth's  surface  by  their  longitudes  earth,  sun,    and    planets.      We  have 

and  latitudes,  and  that  he  proposed  to  already  seen  that  the Q reek  astronomers 

determine  the  former  by  means  of  lunar  were  divided  on  the  subject  of  the  earth's 

eclipses ;  a  method  excellent  in  its  prin-  motion.     Though  many  distinguished 

ciple,  though  now  abandoned  on  account  philosophers  held  the  opinions  of  Py- 

of  some  practical  objections.  thagoras,  the  majority  seem  to  have 

As  nothing  connected  with  astronomy  embraced  the  opposite  doctrines.    Pto- 

geems  to  have  escaped  the  sagacity  of  lemy  followed  these  latter,  and,  unfor- 

Hipparchus,  he  did  not  overlook  the  tunately  for  him,  his  name  has  become 

correction  of  the  Calendar.    We  have  attached  to  a  system  now  universally 

seen  that  the  period  of  Callippus  was  admitted  to  be  erroneous.    It  is  true 

far  from  exact :  according  to  the  cal-  that  the  ancients  wanted  some  decisive 

culations  of  Hipparchus,  the  error  at  and  convincing  proofs  of  the  earth's 

•  H.pparchuH  nunquam  <.al:i  luud.lu..  Ut  qao  Hiotion    which  WC  pOSSCSS ;  bui  VW-^ 

nem»    mdgin    comprubarerit    cogiiatlonem    cum  mUCh  nas  beeT\  aaXQlVo  CX^>3Aft  rV^>R^K^« 

homlDe  •jrderum,  aaioiMqne  uo%Um%  jMitcn  CM«  U^,    lUSl\tvOa\\OT\   T^iaivcv^    NWN    WiO^^- 

C<Kli,  .....  Buauii  ffin  cfiam  l^«u  improbua,  so.        ,   .*        _.  ^^.^    v\«mk    V^at   \n«A% 

iu»e/«f»pai««fi..iriiiif.-Hii,j.iv«t.jj.s«.  plele.     Iho  axtgam«ci\a  \\»X  i«  >»^^^ 
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•gaiiut  the  eti1h*i  motion,  such  ti  that  to  eait*  would  leaTe  behind  it  the  doudi; 
in  thii  case  the  poles  would  not  be  im-  birds  flying  in  the  air,  and,  generally, 
jBOTeable  points  on  the  celestial  sphere,  all  objects  suspended  in  the  atmosphere, 
that  the  fixed  stars  would  not  always  A  stone  thrown  to  the  east  would  not 
preserf  e  the  same  apparent  distances  advance,  the  earth  constantJjr  preceding 
from  one  another,  and  other  objections  it  by  the  excess  of  its  velocity.  These 
of  a  similur  kind,  are  all  obviated  by  objections  are  all  founded  on  an  igno- 
the  single  remark  made  bv  Aristarchust  ranee  of  the  principles  of  mechanics, 
fourcenturies  previously,  that  the  earth's  and  seem  to  oe  on  a  par  with  those 
orbit  was  a  point  in  comparison  with  urged  by  some  against  the  roundness  of 
the  distance  of  the  fixed  stars.  On  the  the  earth,  and  the  possibility  of  the  ex- 
other  hand,  the  motions  of  the  planets,  istence  of  Antipodes ;  arguments  which 
so  complicated  and  almost  inexplicable  he  has  himself  successfuUyrefuted. 
in  the  one  hypothesis,  are  accounted  for  The  earth  then,  according  to  Pto« 
so  simply  in  the  system  of  Pj^thagoras,  lemy,  was  fixed  and  motionless  in  the 
that  one  cannot  but  feel  astonished  that  centre  of  the  heavens;  he  supposed  the 
Ptolemy  should  have  felt  so  little  hesi-  different  planets  to  revolve  round  it, 
tat  ion  in  rejecting  it.  "  The  same  rea«  arranged  in  the  following  order,  accord- 
sons,**  says  he,  *'  which  show  that  the  ing  to  their  distances :  first,  the  Moon, 
earth  is  a  point  in  magnitude  compared  then  Mercury,  Venus,  the  Sun,  Mars, 
with  tlie  heavens,  will  show  the  impossi-  Jupiter,  Saturn,  and,  lastly,  the  sphere 
bility  of  its  having  a  motion  of  transla«  of  the  fixed  stars.  With  regard  to  Venus 
tion  :**  and  the  only  argument  he  combats  and  Mercury,  Ptolemy  remarks,  that 
at  any  length,  is  that  which  appears  some  astronomers  had  placed  them 
to  have  been  urged  by  some  Pythago-  beyond  the  sun,  while  others  made  them 
reans,  that  the  earth  being  spherical  nearer:  the  most  ancient  writers  had 
and  unsupported,  could  not  remain  at  adopted  the  latter  opinion,  which  had 
rest  in  the  centre  of  the  heavenly  mo-  been  rejected  by  subsequent  authors, 
tions.  Having  discussed  this  point,  with  because  these  two  planets  had  never 
a  sins^ular  mixture  of  truth  and  error,  been  seen  on  the  sun's  disk.  This  rea- 
he  adds  these  remarkable  words  :  "  But  son  Ptolemy  rightly  rejects  as  insuf- 
if  there  were  any  motion  of  the  earth  ficient ;  for  such  passages  over  the  sun's 
common  to  it  and  all  other  heavy  bodies,  disk  would  not  happen,  unless  the 
it  would  certainly  precede  them  all  by  planes  of  the  orbits  coincided  with  the 
the  excess  of  its  mass,  being  so  great ;  ecliptic,  or  else  the  nodes  happened  to 
and  animals  and  a  certain  portion  of  coincide  nearly  with  the  sun's  place  at 
heavy  bodies  would  be  left  behind,  riding  the  time  of  inferior  conjunction.  He 
upon  the  air,  and  the  earth  itself  would  does  not  seem  to  be  aware  that  these 
very  soon  be  completely  carried  out  of  passages  or  transits  really  do  take  place; 
the  heavens.  But  such  things  are  most  and  sufficiently  often  in  the  case  of 
ridiculous,  even  only  to  imagine."  This  Mercury,  though  but  rarely  in  that  of 
passage  is  remarkable,  because  it  shows  Venus.  But  the  difficulty  of  observing 
how  little  the  Greeks  had  studied  natural  these  phenomena  renders  it  by  no  means 
and  experimental  philosophy,  and  how  extraordinary  that  they  should  not  have 
falsely  their  geometers  could  reason  on  been  noticed,  though  it  might  have 
purely  physical  subjects.  A  heavy  body  taught  caution  to  those  who  affirmed 
m  vacuo  does  not,  as  Ptolemy  supposes,  positively  their  non-existence.  It  is  much 
move  faster  than  a  lighter  one,  as  may  more  remarkable  that  Ptolemy  should 
be  verified  by  direct  experiment ;  yet  not  have  perceived  that  it  was  possit>le 
tliis  he  clearly  considered  a  self-evident  to  conciliate  the  two  hypotheses  in  ques- 
truth,  and  founded  on  it  arguments  tion,  by  making  these  two  planets  re- 
which  must  be  classed  among  the  weak-  volve  round  the  sun ;  in  which  case  it  is 
est  ever  urged  against  the  Pythagorean  clear  they  would  be  sometimes  more  dis- 
system  of  the  world.  tant,  ana  sometimes  nearer,  than  that 
After  rejecting  the  motion  of  transla-  body.  And  this  inadvertence  is  the 
tion  assigned  by  some  to  the  earth,  he  more  singular,  as  the  doctrine  just  men- 
proceeds  to  examine  the  probability  of  tioncd  is  said  to  have  been  maintained 
its  diurnal  motion  on  its  axis.  This  sys-  by  the  ancient  Egyptians.  It  seems  pro- 
tem  he  confesses  simplifies  very  much  bable  that  the  systematic  ideas  of  Pto- 
the  appearances  of  the  heavens ;  but  it  ]em)r  made  him  unwilling  to  place  the 
appears  to  him  equally  ridiculous  with  sun  in  the  centre  of  any  of  the  heavenly 
the  former ;  as  in  this  case,  the  eaiVVi  TnoV\oiv&  \  or  he  might  have  l>een  repug- 
revolviDg  with  great  rapidity  ficom  vi^sl  nvol  \d  ^^mv^^t  vc^^  ^t  Vda  i^luiete 
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merely  ftiBafdlttei  or  Neondariest  which, 
in  his  lystem,  Venus  and  Mereuiy  would 
thus  have  become. 

In  consideriniz:  the  theory  of  the  sun, 
Ptolemy  adopted  without  alteration  the 
elements  of  Hipparchus.  But  to  the 
theory  of  the  moon  he  made  several 
important  additions.  We  have  seen  that 
Hipnarchus  explained  the  irregularity 
of  tne  sun's  motion  hy  the  hypothesis 
of  an  excentric  circle.  There  is  another 
way,  however,  of  explaining  this  irre- 
gufarity,  by  the  hypothesis  of  an  epi* 
cycle.  In  this  case  the  planet  was  sup- 
posed to  move  in  a  small  circle,  called 
the  epicycle,  the  centre  of  which  revolved 
uniformly  round  the  earth :  in  the  case 
of  the  sun,  this  epicycle  had  for  its 
radius  the  observed  excentricity  of  the 
orbit ;  and  the  sun*s  motion  m  it  was 
such,  that  during  the  interval  between 
the  apogee  and  perigee,  that  planet  had 
approached  the  earth  by  exactly  the 
diameter  of  its  epicycle.* 


Thus  let  E  be  the  earth ;  M,  which  is 
the  centre  of  the  epicycle  D  B  C  N,  re- 
presents the  sun's  mean  place,  and 
describes  uniformly  the  circumference 
of  the  deferent  MG  AH  ;  while  the  real 
sun  describes  the  circumference  of  the 
epicycle ;  at  the  apogee  the  sun  is  in  N  ; 
the  true  and  mean  places  coincide,  and 
the  distance  of  the  sun  from  the  earth  is 
EM  +  MN  ;  MN  being  equal  to  the 
excentricity.  At  the  perigee  S  is  in  P ; 
the  true  and  mean  places  again  coincide, 
andthcdistanceis£A-AP=£M-MN. 
In  anv  intermediate  position  the 
true  and  mean  places  wifl  differ  by  the 
angle  6ES,  and  the  distance  will  take 
every  value  between  the  limitsEAibMN. 

*  There  I*  a  slight  mittoke  hi  Uie  fhrare  given 
above  t  E  a  Mbould  be  drawn  on  Uie  oner  tM»  of 
E  O^  ao  tiiat  Uie  point  8  thould  flUl  within  the  u«l« 
W  £  O :  otiicnriae  the  point  8  aroaJd  notappetr  to 
fvvolfa  tetlMepl^cleviiiks  coninrj  cUnctiM  tp 


This  angle  GE9,  ivhich  in  fSset  is 
the  equation  of  the  centre,  may  easily 
be  calculated  for  any  given  Talne  of  the 
are  MG.  For  EG,  and  GS  the  radii  of 
the  deferent  and  ^cyde  are  known, 
and  the  an^^e  OGS  is  eaual  to  MEG: 
the  motion  in  the  epicycle  being  sup* 
posed  in  a  contrary  direction  to  that  m 
the  deferent.  This  hypoth^s  of  the 
epicycle  coincides  with  thatof  theexcen* 
trie,  when  the  radius  of  the  epicycle  in 
the  one  case  is  equal  to  the  excentricity 
in  the  other. 

But  as  the  motion  of  the  moon  is  much 
more  complicated  than  that  of  the  sun, 
it  was  necessary  to  have  recourse  to  a 
combination  of  excentrics  and  epicydes. 
Hipparchus  had  discovered  in  the  moon's 
motion  an  ineauality  similar  to  that  of 
the  sun,  and  depending  on  the  same 
cause,  the  excentricity  of  its  orbit :  Pto- 
lemy detected  another  depending  on  the 
angular  distance  between  the  moon  and 
sun.  This  inequality,  usually  called  the 
evection,  is  greatest  in  the  quadratures, 
and  least  in  the  syzygies ;  but  its  mag- 
nitude also  depends  on  the  combination 
of  the  places  of  the  lunar  apsides  with 
those  of  the  conjunctions-  When  the 
conjunctions  happen  in  the  moon's 
apogee,  the  inequality  we  are  speaking 
of  becomes  the  greatest  possible  in 
quadratures,  and  amounts  to  about  2^ 
40'.  It  is  then  negative  in  the  first  two 
quarters  (that  is  to.  say,  the  moon  is 
behind  her  calculated  place),  and  posi« 
tive  in  the  last  two.  When  the  con- 
junction takes  place  in  the  perigee,  the 
inequality  in  the  quadratures  is  also  at 
its  maximum ;  but  it  is  positive  in  the 
first  two  quarters,  and  negative  in  the 
latter  two.  In  intermediate  positions  of 
the  lunar  apsides,  the  inequality  dimi- 
nishes ;  when  they  are  in  quadratures^ 
it  is  reduced  to  nothing.  Finally  it  is 
negative  in  the  first  two  Quarters,  and 
positive  in  the  last  two,  or  the  converse, 
according  as  the  conjunctions  happen 
in  the  first  or  second  quadrant  of  a 
circle,  counting  from  either  of  the  ap- 
sides in  the  direction  of  the  moon's 
motion.  The  detection  of  Ihe  law  exist- 
ing between  these  complicated  pheno« 
mena  reflects  great  credit  on  the  saga- 
city of  Ptolemy. 

To  explain  the  first  inequality  of  the 
moon,  that  depending  on  the  excentrici^ 
of  its  orbit,  he  imajgined  an  epicycle 
carried  on  an  excentric;  an  hypothesis 
which  is  the  same  as  that  of  sl  %vooc^<6 
excentric,  if  the  exoeivXructic)  %xA  xii^^% 
of  the  epiey^  \0|se^i^vet  ix^  %pgMii\a 


ae 
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To  feprtseiit  the'  eeeond  inequality, 
which  depends  upon  the  elongation 
and  the  position  of  the  apsidei,  he 
■upposed  that  the  centre  of  the  de- 
ferent revolved  round  the  earth,  with  a 
motion  equal  to  that  of  the  centre  of  the 
epicycle,  but  in  a  contrary  direction. 
1  nua  the  centre  of  the  epicycle  would 
alwajrs  coincide  in  (juadratures  with  the 
perigee,  and  in  syzigies  with  the  apogee. 


Let  AB6D  he  a  circle  homocentrie 
with  the  ecliptic,  let  E  be  the  place  of 
the  earth*s  centre,  AEG  is  the  diameter. 
Suppose  the  moon,  when  in  conjunction, 
to  be  in  apogee,  and  let  her  place  at  that 
time  be  A ;  let  the  centre  of  the  excentric 
be  Z.  Now  if  the  moon  in  one  day 
revolve  through  the  arc  AB,  the  ai)opee 
in  the  same  time  will  move  through  the 
arc  AD,  equal  to  AB,  and  Z  will  have 
moved  to  Z'.  In  a  quarter  of  a  month, 
the  points  D  and  B  will  be  diametrically 
opposed,  and  the  centre  Z  will  be  at  Z" ; 
and  the  centre  of  the  epicycle  will  be  at 
A',  its  nearest  point  to  the  earth.  The 
inequality  will  be  at  a  maximum,  and 
its  general  effect  will  be  to  augment  the 
first  inequality,  by  making  the  radius  of 
the  epicycle  appear  larger :  consequently 
in  the  first  two  quarters  the  moon  will 
be  retarded.  At  the  end  of  half  a  month, 
P  and  B  will  be  hi  conjunction  at  G;  the 
inequality  will  vanish.  After  this  it  will 
augment  again  ffradually  till  the  quadra- 
ture, and  then  diminish  till  conjunction  ; 
but  in  these  two  last  quarters  the  moon 
will  be  acceleratetl.  \Vere  the  moon  in 
perigee  in  conjunction,  the  same  pheno- 
mena would  take  place,  with  the  differ- 
ence, that  the  acceleration  would  be  in 
the  first  two  quarters,  and  the  retarda- 
tion in  the  two  last.  If  the  moon*s 
perigee  and  apogee  were  in  quadratures, 
the  inequality  would  altogether  vanish ; 
as  at  the  end  of  each  quarter,  the  centre 
of  the  epicycle  would  always  be  TvxueV^ 
degreea  torn  the  apogee.   Tl^  \if^ 


thesis  of  Ptolemy  TCprawtita  pnittv  tcH 
the  greatest  of  the  moon*s  inequalities ; 
and  it  certainly  was  a  very  ingenious 
effort  for  the  time ;  but  it  had  several 
defects,  the  principal  of  which  was, 
that  in  consequence  of  the  proportion 
that  Rolemy  was  obliged  to  establish 
between  the  exeentricity  of  the  move- 
able orbit  or  deferent,  and  the  radius 
of  the  epicycle,  the  moon's  distance 
from  the  earth  in  quadratures  would 
sometimes  be  only  half  of  what  it  is  in 
syzigies,  which  is  entirely  contradicted 
by  observation;  the  variations  of  the 
moon's  distance  are  comprised  witlun 
limits  comparatively  very  smalL 

From  the  theory  of  the  moon,  Ptolemy 
proceeded  f  o  that  of  the  planets,  which 
it  appears  that  Hipparchushad  not  ven- 
tured to  touch,  deterred  in  all  probability 
by  the  apparent  complication  of  their 
motions.  Ptolemy,  however,  attempted 
to  represent  them,  by  a  combination  of 
epicycles  and  excentvics.  For  the  supe- 
rior planets,  he  supposed  the  centre  of 
the  epicycle  to  make  a  revolution  on  its 
deferent  in  the  time  of  a  mean  revolution 
of  the  planet,  while  this  latter  revolved  in 
its  epicycle  in  such  a  way,  that  it  was 
always  at  the  lowest  point  of  the  epicycle 
at  the  instant  of  mean  opposition  with 
the  sun.  The  deferent  itself  was  an  ex- 
centric.  It  is  evident  that  by  deter- 
mining properly  the  magnitudes  of  the 
epicycles,  he  could  represent  all  the 
phenomena  observed.  For  when  the 
planet  was  in  the  superior  part  of  its 
epicycle,  its  motion  was  direct ;  when 
in  the  inferior  part,  it  moved  in  a  con- 
trary direction  to  that  of  the  centre  of 
the  epicycle,  and  its  motion,  seen  from 
the  earth,  would  appear  direct,  stationarv, 
or  retrograde,  according  as  the  motion  in 
the  epicycle  was  less  rapid,  equal  to,  or 
greater  than  that  of  the  centre  on  the 
deferent.  We  see  too  that  each  retrogra- 
dation  was  preceded  and  followed  by  a 
station,  and  that  the  place  of  the  opposi- 
tion sensibly  bisected  the  arc  of  retrogra- 
dation.  Finally,  the  excentricity  of  the 
deferent  explained  tlie  inequality  of  tlw 
intervals  between  the  oppositions  and 
of  the  arcs  of  retrogradation.  But  even 
this  was  not  sufficient  to  satisfy  all  the 
phenomena  observed ;  Ptolemy  was  com- 
pelled to  make  the  centre  of  the  epicycle 
revolve  wilh  amotion  that  was  uniform, 
not  round  the  centre  of  the  excentric  it 
described,  but  round  a  point  as  far 
beyond  this  centre  in  one  direction,  as 
the  earth  was  from  it  in  the  opposite 
Cl\t^v^Wotv'A>\>\%  Nvdually  abandoning  the 
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ihoufcht  necesfary  in  the  orbits  of  the  himielf  eonsideied  hii  syitefn  of  defer- 

heavenly  bodies.  ents  and  epicycles  merely  as  a  means  of 

For  the  inferior  planets  the  same  hy-  determining   mathematically  the  posi- 

pothesis  of  an  excentric  and  epicycle  tions  of  the  heavenly  bo(ues  for  any 

was  employed.    In  this  case  the  centre  given  lime. 

of  the  epicycle  alwt^i  coincided  with  the  Ptolemy  was  unsuccessful  in  his  re- 
mean  place  of  the  sun,  while  the  planet  searches  on  the  quantity  of  precession, 
described  its  circumference  with  a  velo-  Hipparchus  had  supposed  it  to  be  about 
city  proportional  to  the  time  employed  one  degree  in  75  years:  Ptolemy,  un* 
in  going  firom  one  point  of  greatest  di-  dertaking  to  correct  this  determination, 
gression  to  another.  As  the  ellipse  of  went  much  wider  from  the  truth ;  he 
Mercury  is  much  more  sensibly  excen-  fixed  it  at  one  degree  in  100  years, 
trie  than  that  of  the  larger  planets,  whereas  the  real  value  is  one  degree  in 
Ptolemy  found  the  hypotheses  which  72  years.  But  there  is  a  heavier  charge 
satisfied  the  others  insufficient  in  this  agalnsthim:  that  of  having  appropriated 
case.  He  was  compelled  to  suppose  and  ]mblishcd  as  his  own  the  catalogue 
that  the  point,  which  was  the  centre  of  of  fixed  stars,  formed  by  Hipparchus. 
the  uniform  motion  called  the  centre  of  This  seems  to  be  but  too  well  proved, 
the  equant,  instead  of  remaining  fixed.  He  states  the  quantity  of  precession  in 
revolved  in  a  small  circle  round  the  the  205  years  l)etween  himself  and  Hip- 
centre  of  the  excentric;  the  radius  of  parchus  at  2°  40^:  this  alone  would 
this  circle  buing  equal  to  the  distance  show  that  he  had  not  observed,  as  he 
between  these  two  centres,  and  the  would  have  found  it  considerably  more ; 
direction  of  the  motion  against  the  but  if  we  subtract  from  all  his  longitudes 
order  of  the  sic; ns.  But  it  is  impossi-  2°  40',  the  precession  he  supposed  for 
ble,  in  this  place,  to  follow  him  into  all  265  years,  we  get  exactly  the  longitudes, 
the  artifices  he  was  forced  to  have  re-  such  as  they  were  in  the  time  of  Hip- 
course  to  in  explaining  the  irregularities  parchus,  and  such,  in  fact,  as  that  astro- 
of  tlie  planetary  motions.  nomer  seems  to  have  fixed  them,  judg- 

Thc;  t'xtrenu'  complication  of  this  sys-  ing  from  the  positions  given  in  the  com* 

tem  arose  in  a  great  measure  from  the  mentary  on  Aratus. 
law  he  had  imposed  upon  himself  of       As  aJl  astronomy  must  be  founded  on 

admit  tin*;  none  but  circular  motions  in  observation,  Ptolemy  has  not  neglected 

the    heavens:  "uniform  and  circular  to  describe  the  instruments  used  for  that 

motions,"  says  he,  "  l)elonffing  hy  their  purpose  at  Alexandria.    To  determine 

nature  to  celestial  bodies.  **    (Syntax,  the  sun's  allhude,  the  Eastern  nations 

lib.  ix.  c.  ii.)    That  astronomers  !»hould  had  long  been  in  the  habit  of  measuring 

have  attempted  to  represent  all  the  ce-  the  shadow  of  a  vertical  gnomon  ;  and, 

lestial  motions  by  circles,  was  natural  if  a  few  simple  and  obvious  precautions 

enough  in  the  infancy  of  the  science;  be  attended  to,  this  method  may  give 

and  as  long  as  the  apparent  inequalities  very    accurate    results.     The    Greeks 

could  be  represented  by  a  combination  learned  the  use  of  the  gnomon  from  the 

of  these  circles,  they  were  justified  in  Chaldeans  at  a  very  early  period  ;  and  we 

to  doing:  hut  it  is  lamentahle  to  ob-  have  seen  that  it  was  employed  by  Meton, 

serve  that  men  of  talent  could  mistake  Pvtheas,  and  others.    But  at  Alexan- 

gratuitous  and  arbitrary  assumptions  of  dria  it  seems  to. have,  been  but  little 

their  own  for  laws  of  nature ; — these  used ;  the   astronomers  of  that  place 

metaphysical  fancies,  principally    bor-  substitutins:  for  it  armillary  spheres  of 

rowed  Irom  Aristotle,  about  the  perfec-  difierent  kmds.    To  observe  the  sun's 

tion    and    incorruptibility    of   circular  passage  through  the  equinox  they  used 

motion,  long  retarded  the  progress  of  two  circles,  firmly    attached  to    each 

science.  other,  and  placed  one  in  the  plane  of  the 

But  though  the  Aristotelian  physics  meridian,  the  other  in  that  of  the  equa- 

of  Ptolemy  torm  a  strange  contrast  with  tor:  at  the  moment  of  the  equinox  this 

the  geometrical  knowledge  displayed  in  latter  was  not  illuminated  by  the  sun  on 

his  work,  it  would  be  unfair  to  charge  either  side.    For  the  solstice  they  used 

him  with  having  admitted  the  monstrous  two  concentric  circles  in  the  plane  of 

doctrine  of  solid  transparent  spheres,  the  meridian,  the  one  revolving  within 

revolving  the  one  wiihin  the  other,  and  the  other,  and  carrying  two  small  prisms 

each  carr}ing  a  planet  attached  to  it»  at  right  angles  to  the  limb^  and  tkX<^ 

vrhich  was  promulgated  by  Eudoxus.  at  points  d\aiiie\T\e^\s  o^i^^u^  ^xw  >\v^ 

To  these  he  makes  no  allusion ;  and  it  ciicle.    To  obaetNe  uv«  uv^xCil  xorxv^^s^ 

is  but  justice  to  iuoi  to  suppose  that  h«  ldlitude\v\\:ki  Uua»  \b!t '\ia«c  ^^^"^^ 
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turned  till  the  shadow  of  one  |irism  mware  of  the  outtenee  of  a  eevtaia  eoik* 

completely  covered  the  other :  the  iha*  stant  relation  between  the  ang^e  of  mci- 

dow  of  this  second  fell  on  the  graduated  dence  and  that  of  refiraction,  and  made 

limb  of  the  outer  circle,  and  the  middle  several  experiments  to  determine  the 

of  it  k>eing  marked,  gave  the  altitude  of  value  of  the  latter  when  a  ray  passes 

the    8un*s  centre.     For  this  solstitial  from  air  into  water.  Though  he  per* 

circle  Ptolemy  substituted  a  quadrant,  ceived  clearly  the  nature  of  the  effect 

on  which  the  observation  was  made  in  produced  on  the  altitudes  of  the  stars, 

a  manner  very  similar :  but  his  most  and  tliat  it  diminished  with  the  zenith 

important  invention  was  that  of  the  pa-  distance,  yet  he  declared  himself  unaUe 

rallactie  rulers.    These  rulers  formed  to  determine  the  absolute  quantity  of 

an  isosceles  triangle,  susceptible  of  being  refraction,  from  not  knowing  the  height 

opened  to  any  angle  at  the  vertex ;  one  of  the  terrestrial  atmosphere.  However, 

ot  the  equal  sides  was  always  vertical,  this  treatise  is  extremely  remarkable, 

the  other  being  pointed  on  the  star ;  the  and  one  of  those  that  reflect  the  greatest 

observer  read  off  on  the  graduation  of  honour  on  its  author.    To  point  out  the 

the  base  the  length  of  the  chord:  a  existence  of  refraction,  even   without 

table  of  chords  gave  him  the  value  of  measuring  it,  was  to  render  an  import- 

the  angle  at  the  vertex,  that  is,  of  the  ant  service  to  astronomy  ;  to  which  we 

lenith  distance.  must  add,  that  this  is  the  only  work  of 

The  construction  of  the  astrolabium,  the  ancients  in  which  there  is  anything 
with  which  the  longitudes  and  latitudes  resembling  the  experimental  philosophy 
of  the  planets  or  fixed  stars  were  ob-  of  the  modems.  We  also  find  here  an  in- 
served,  was  rather  more  complicated  genious  explanation  of  the  optical  illusion 
than  that  of  the  solstitial  or  equatorial  which  makes  the  disks  of  the  sun  and 
armillae.  They  carried  circles  repre-  moon  apparently  much  larger  when  near 
senting  the  equator,  the  ecliptic,  the  me-  the  honzon ;  and  this  explanation  is  the 
ridian,  &c.,  and  placed  respectively  in  one  generally  received  at  present,  though 
the  planes  of  the  celestial  great  circles  there  still  seems  to  be  some  doubt  on 
they  represented.  Two  other  circles,  the  subject, 
moveable  on  the  poles  of  the  ecliptic, 

were  made  to  pass  through  two  stars  :  p  _.. 

the  observer  then  read  off  on  the  gra-  Uhaptkr  Vll. 

duation  of  the  ecliptic  and  circles  in  Astronomy  of  the  Arabs. — TAe  Per* 
question  respectively,  the  latitudes  of  sians, — The  Chinese* 

the  two  stars  and  'their  difference  in  "With  the  Syntaxis  we  take  our  leave  of 

longitude.  the  astronomy  of  the  Greeks.    The  in- 

As  the  Greeks  had  no  means  of  mea-  terval  between  the  publication  of  this 

suring  time  with  any  accuracy,  they  work  and  the  conquest  of  Egypt  and 

were  obliged,  when  they  wished  to  com-  Syria  by  the  Arabs  did  not  produce  a 

pare  the  place  of  the  sun  with  that  of  single  astronomer ;  for  we  cannot  give 

the  fixed  stars,  to  measure  in  the  day-  that  name  to  one  or  two  commentators 

time  the  difference  of  longitude  between  on  Ptolemy,  of  whomTheon  is  the  most 

the  sun  and  moon,  and  at  niplit  that  generally  known.    But  when  the  Arabs 

between  the  moon  and  a  fixed  star,  had  firmly  established  themselves  in  the 

The  moons  rapid  and  variable  proper  East,  they  began   to  cultivate  all  the 

motion  necessarily  rendering  this  method  branches  of  mathematical  science,  and 

very  inexact,  the  Arabs  improved  it  con-  astronomy  in  particular,  with  extraor- 

siderably    by    substituting  the    planet  dinary  zeal.     This    revolution  in  the 

Venus  for  the  moon.    A  still  greater  im-  character  of  the  Arabs,  the  beginninc  of 

provement  will  be  noticed  when  we  con-  which  dates  from  the  Caliphs,  El-M"an- 

sider  the  observations  of  El-Batanu  sour  and  Haroun-el-Reschid,  at  the  end 

Ptolemy  was  the  author  of  a  most  of  the  eisrhth  century  after  Christ,  was 

important  discovery  not  recorded  in  the  finally  accomplished  under  El-Mamoun, 

Syntaxis.  the  effect  ot  refraction  in  aug-  ^ho  reigned  in  the  beginning  of  the 

menting  the  apparent  altitudes  of  the  ninth.    Ibu  Jounis  has  recorded  several 

heavenly  bodies.    This  is  clearly  shewn  ol)servations  made  by  the  astronomen 

jn  his  Optics*,  where  he  investigates  the  of  this  prince,  the  most  interesting  of 

theory  of  refraction  in  general.    He  was  ^hich  are  those  instituted  to  determine 

•  Vid.  Delainbre.  A.ir.  Anc.  vol.  il.   Thi.  work  the  obliquity  Of  the  wliptic.      This  WM 

Of  Ptolemy,  though  known  to  the  Arabs  and  to  fouud  by   SOmC  23"^  33',   by  Others  S3'' 

Roger  Btcon,  \VM  tor  Vi  \onjn  lime  \o»t  \u 'Euiop*.  ^^i    «><jj\  yiVv\!C\\  is  CXact  Within  3i  ffli- 

A  Latin  traimlution  of  it  was  fotlunaXeii  A\»co*  ^  i^.   MAtMstfeC«n«c5L^aakMwr  of  Ihs 
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dtftonBinationt  made  l^  the  Greikf.  of  the  soltr  apogee*.  iHoIemy  had 
Justly  diftsatisfied  with  the  rough  at-  fixed  the  preettsion  at  one  degree  m  one 
tempts  of  the  Greek  astronomers  to  hundred  years,  instead  of  seventy-two, 
measure  an  are  of  the  meridian,  £!•  the  real  vidue :  £1-Batani  corrected  this 
Mamoun  ordered  his  astronomers  to  mistake,  but  made  it,  on  the  other  hand, 
proceed  to  a  new  measurement.  The  a  little  too  rapid ;  namely,  one  degree  in 
method  they  followed  is  sufficiently  sim-  sixty-six  years.  Similarly  he  made  the 
pie.  Having  chosen  a  lanre  plain  in  Me-  length  of  the  solar  year  about  two  mi- 
sopotamia,  they  divided  themselves  into  nutes  and  a  half  too  small ;  but  it  is  just 
two  parties;  then,  starting  from  a  given  to  remark,  that  the  errors  of  £1-Batani 
point,  each  party  measured  in  a  right  proceed  from  the  confidence  he  placed 
line  an  arc  of  one  degree,  the  one  to-  m  the  observations  of  Rolemy, — obser- 
wards  the  north,  the  other  towards  the  vations  which,  as  we  have  seen  before, 
south.  The  former  found  for  the  length  appear  to  be  fictitious  t ;  had  the  Arabian 
of  a  degree  fifty-six  miles,  the  latter  fifty-  astronomer  compared  his  observations 
six  and  two-thirds ;  the  mile  being  equal  directly  with  those  of  Hipparchus,  he 
to  4000  cubits.  But  here  arises  the  would  have  approached  much  nearer  to 
question,  what  was  the  length  of  these  the  truth.  Tne  excentricity  of  the  solar 
cubits  ?  Unfortunately  this  is  not  easy  orbit  was  determined  by  him  with  great 
to  decide.  Two  Arabian  authors  agree,  accuracy,  the  equation  of  the  centre 
that  the  cubit  employed  was  the  black  fixed  at  1^  58',  and  the  obliquity  of  the 
cubit  of  twenty-seven  inches ;  but  one  ecliptic  at  23^  35'.  The  observations 
says  that  the  inch  was  determined  by  six  used  to  determine  these  quantities  seem  to 
grains  of  barley  placed  in  contact  side-  have  been  made  with  great  care,  and  are 
ways;  the  other  makes  it  equivalent  to  much  superior  to  any  recorded  by  the 
five  similar  grains*.  The  latter  seems  Greeks.  £1-Batani,  who  gives  in  his 
to  agree  better  with  the  real  length  of  the  writings  many  proofs  of  a  sound  judg- 
degree ;  but  the  error  is  still  very  con-  ment,  rejects,  with  reason,  a  pretended 
sklerable,  being  between  three  and  four  motion  of  the  fixed  stars,  by  which  they 
miles  in  excess.  But  if  we  suppose  the  api)eared  to  oscillate  about  a  certain 
cubit  employed  to  be  the  royal  cubit  of  point,  their  motion  in  longitude  becoming 
twenty-four  similar  inches,  the  length  of  sometimes  direct,  and  sometimes  retro- 
the  dci^ree  will  then  be  brought  within  grade.  To  explain  this  pretended  mo- 
about  athird  of  a  mile  of  its  real  value,  tion.  which  was  called  trepidation,  the 
The  two  centuries  immediately  fol-  equinoctial  points  were  supposed  to  re- 
lowing  the  reign  of  £l-Mamoun  were  volve  in  a  circle  of  4^  J  8'  43"  radius 
extremely  fertile  in  astronomers,  and  round  their  mean  places,  which  retro- 
particularly  in  observers ;  forming  thus  graded  along  the  ecliptic,  according  to 
an  advantageous  contrast  with  the  the  laws  of  precession.  This,  at  least, 
Greeks,  who  seem,  with  very  lew  ex-  is  the  way  in  which  the  theory  was 
oeptions,  to  have  had  little  taste  for  ob-  represented  subsequently.  El-iiatani 
servation  and  experiment  in  any  of  the  merely  states  that  the  stars  were  sup- 
sciences.  In  this  respect  the  Arabs  posed  to  move  directly  through  8^,  then 
effected  a  complete  reform  in  astronomy,  to  retrograde  through  the  same  arc.  The 
They  have  left  behind  them  an  immense  Arabian  astronomer,  while  refuting  this 
mass  of  recorded  observations,  of  which  theory,  attributes  it  distinctly  to  Ptolemy. 
the  greater  part  has  never  been  printed ;  It  is  remarkable  that  none  of  the  extant 
and  which  might  be  of  great  service  to  works  of  Ptolemy  make  the  slightest 
astronomy,  did  not  the  superiority  of  allusion  to  trepidation  ;  the  first  mention 

our  instruments  render  the  modern  ob-  — 

servations  so  much  more  accurate,  as  to  ^  *  ™i  ii  not  exprwiiiy  .lated  by  Ki-BttUni, 

.      g      . .  II        •    4      .  1   ^r  but  it  is  AD  cTident  coatequence,  from  niH  di^. 

compensate   for  the  smaller    mterval  Ol  corery,  that  tlie  Apogee,  whUh  Ptolemy  found  to 

time  existing  l)etween  them.  be  in  «5°  30',  wu  now  in  8y>  17'.   Thi»  give*  an 

The  most  distinguished  of  the  Arabian  »"""•*  ?°"!?«;C  'T-.v^""^  '***!  ^i"^'""  ?**'"" 

Aii«  luvj^i.  uiiiM.i^u^iit.^  wt  %i««i  A^a»#u»i«  nomer  allowed  54"  for  the  annnal  effeciR  of  pre- 

astronomers   is  AlbategniUS    or  £l-iSa-  cemlont   there   would   remaiu,  therefore,   about 

tani,  who  rectified,  in  many  points,  the  '^''  ^^^"^  "»"» P5°P*f  *»"}'""  of  the  apo,?ee. 

,   .  •  .  ^r  t>*«i«»../   Z^A   ^AA^Ji         t  The  equinox  taken  by  EUHatanl  to  compare 

determinations  of  rtOlemy,   and  added  with  hi.  own  ob^erratlon..  is  recorded  by  Piolemy 

the  important  discovery  of  the  motion  with  the  mistake  of  a  whole  day  on  it^  date.    On 

the  obseiTstiona  of  Ptolemy  in  general,  Halley  has 

-     ■  exprcmed  a  severe  but  JuHt  opinion.    V.  Delamb. 
Aat.  da  Moyen  Affe,  pp.  (il,  CJ.    Delambt^  \>>  cA 

•  According  to  TheTenot,  144  grains  of  Oriental  opinion  that  Ptolemy  tv«^«t  oN^Mnv^  ax  ^\\.   ^« 

barley,  placed  side  by  side,  are  exactly  equal  t«  hU  catalogue  of  tkx«d  aVaxa,  *««  ^^^^x  ^i^a*  ^>**^ 

one  foot  mod  a  half  of  the  old  Vrtneh  meaanre.  said  abotc,  p.  SI. 


$9  HISTORY  OF  ASTRONOMY. 

ffenfirocis  protection  of  learned  men,  lainly  not  ^admitted  by  Rolemy,  or  ibe 
deserves  particular  mention  here,  as  to  most  judicious  of  the  oriental  astrono- 
his  encouragement  vte  owe  the  first  mers.  The  introduction  of  it  into  the 
translation  into  Latin  of  the  Almagest  Alphonsine  tables  seems  owing  to  the 
of  Ptolemy.  This  translation  it  is  to  be  Jews,  who  had  a  lan;:e  share  in  their 
noticed  was  made  from  the  Arabic,  formation ;  at  least  this  may  be  con- 
(Greek  bein^  still  unknown  in  the  west,)  jccturcd  from  the  numbers  7000  and 
and  consequently  was  a  good  deal  dis-  49»000  years,  in  which  the  small  circle 
figured;  the  Mahometan  writers  by  no  above-mentioned  and  the  ecliptic  were 
means  piquing  themselves  on  a  scru-  respectively  described.  These  are  cab^ 
pulous  adherence  to  the  text  of  the  au-  listic  numbers  for  which  the  Jews  from 
thors  they  translate :  but  still  the  ser-  fanciful  ideas  felt  great  venera4ion ;  and, 
vice  thus  rendered  was  important ;  and  indead,  the  astronomers  of  that  nation 
no  doubt  had  a  favourable  influence  seem  to  have  been  singularly  attached 
on  the  progress  of  science.  Tlie  writer*  to  the  doctrine  of  trepidation,  since  the 
who  had  executed  the  translation  oi'the  time  of  Tliebit-ben>Corali,  unjustly  ac- 
Almagest,  added  a  translation  of  the  cusod  of  being  the  inventor  of  the  sys- 
commentary  of  Geber  on  the  same  work,  tcm.  But  it  ireilccts  little  credit  on  the 
and  of  the  treatise  of  Alhazcn  on  twi-  Al[)honsine  astronomers,  to  have  ad- 
light.  But  in  this  latter  respect  he  mitted  an  inequality  founded  on  no 
seems  to  have  been  anticipated  by  Vitel-  observations,  and  rejected  by  every 
lion,  a  Pole,  whose  voluminous  treatise  author  of  eminence, 
on  optics  is  little  more  than  a  translation  It  scjms  but  reasonable  to  suppose 
of  Alhazen.  that  Alphonso,  who  protected  so  zea- 
To  Alphonso  X.,  king  of  Castile,  lously  r.stronomy,  was  himself  versed 
astronomy  owes  still  more  than  to  in  the  science.  Of  this  we  have  no 
Frederick;  and  his  reign  will  always  direct  proof,  but  there  is  on  record  a 
form  a  memorable  epoch  in  the  an-  saying  of  his,  whlcli  has  been  accused 
nals  of  that  science.  His  situation  in  of  impiety,  though  it  would  be  fairer 
a  country  bordering  on  the  Arabs,  who  to  regard  it  as  an  expression  of  the 
then  occupied  the  south  of  the  Spanish  disgust  caused  to  a  sound  judgment, 
Peninsula,  was  very  favourable  for  col-  by  the  con. plication  of  the  Ptolemaic 
lecting  about  him  able  astronomers,  system.  *'  llr.d  tlie  Deity,"  said  AJ- 
who  were  then  only  to  be  found  at  the  phonso,  "consulted  me  at  the  creation 
Moorish  universities.  Of  this  he  pio-  of  the  universe,  I  could  have  given  bim 
lited  to  draw  to  his  court  a  number  of  some  good  advice."  If  this  exclamation 
learned  men,  whom  he  employed  for  may  be  justly  blamed  as  ineverent  in 
four  years  in  constructimr  new  and  com-  its  expression,  it  certainly  conveys  a 
plete  tables;  those  of  Ptolemy  having  comlemnai  ion  of  the  theories  of  his  time, 
become  in  the  lapse  of  time  quite  insuf-  and  the  monstrous  combination  of — 
ficient.  These  tables,  generally  called  ^'ycie  and  epicycle,  orb  on  orb, 
the  Alphonsine,  cost  the  prince  an  ♦"^n  generally  received  as  the  system  of 
immense  sum ;  and  if  they  fell  short  of  *^®  world. 

the  degree  of  perfection  that  might  have  .  ^^  comparing  the  Alphonsine  tables 
been  expected,  it  was  not  from  any  ^^'i***  ♦^^ose  of  Ptolemy,  we  see  how  little 
want  of  munificence  and  zeal.  Their  Progress  astronomy  had  made  in  eleven 
principal  defect  was  the  introduction  of  centuries.  Some  ameliorations  in  the 
an  inequality  in  the  motion  of  the  fixed  elements  of  the  syntaxis,  are  perhaps 
stars  in  longitude,  by  which  this  motion  ™o^?  ^^^^  counterbalanced  by  the  intro- 
appeared  to  be  sometimes  accelerated  duction  of  the  imaginary  inequality 
and  sometimes  retarded:  as  the  equi-  called  trepidation;  which  continued  to 
noctial  point  was  supposed  to  describe  ^^.Jsfii^wre  the  best  tables  as  late  as  the 
the  circumference  of  a  small  circle,  tiie  |jj"^  of  the  celebrated  Copernicus, 
centreof  which  moved  along  the  ecliptic  ^^.**  ^^  j"^^'^  from  the  slowness  with 
accordinij  to  the  ordinary  law  of  preces-  which  physicnl  science  recovered  from 
sion.  This  pretended  inequality,  known  ^^^  ^^"8;  torpor,  could  any  one  have 
by  the  name  of  the  trei)idation  of  the  guessed  at  the  rapid  progi-ess  it  was 
fixed  stars,  or  the  motion  of  the  eighth  ^^^"^'^^^  *«  n^^^^c  in  the  sixteenth  and  sub- 
sphere,  has  been  already  noticed  in  sequent  centuries.  The  real  restoration 
speaking  of  the  Arabs.  It  seems  to  have  ^'^  astronomy  in  Europe  can  scarcely  be 
originated  in  Greece  ;  but  it  v^aacer-  placed  earlier  than  two  hundred  years 

\ :; ^w\^sc^\v\tw\.  \o  VVv^  v^blication  of  the 

•  Gerald  of  Cremouu.  M^tiOTV^w^  \^\i\fe%.     kV  >i5Ka  >«nfc  '^h^L- 
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was   a  man   of  exfraordinaiy  know-    Latin  language :  the  works  of  Ptolemy 
ledi^    and    univeml    genius,    endea-  were  a  sealed  book  for  the  few  learned 
voured  to  correct,  with  ^the  assistance  men  (if  they  may  deserve  the  name)  of 
of  a  Greek  astronomer,  named  Sosi-  those  days.    However,  the  conquests  of 
genes.    At  this  time,  Hipparchus  had  the  Arabs  having  brought  them  into 
already  shown  that  the  length  of  the  immediate  contact  with  the  Gothic  na- 
solar  year  was  something  .less  than  365  tions  in  Spain,  they  began  to  impart  to 
days  and  a  quarter,  and  Sosigenes  could  their  neighbours  some  of  their  zeal  for 
not  have  been  ignorant  of  this  fact:  but,  science;  and  the  works  of  Euclid  and 
in  all   probability,  he    considered  the  Ptolemy    became   known  in    Europe, 
difiference  too  small  to  be  worth  taking  through  the  means  of  Arabic  transla- 
into  account.    Be  the  reasons  what  they  tions.    Gerbert,  a  man  of  great  talent 
may,  he  proposed  a  method  of  interca-  and  very  superior  to  the  age  in  which 
lation  which,  to  be  quite  rigorous,  sup-  he  lived,  found  himself  obliged  to  at- 
poses  the  solar  year  to  be  365  days  and  tend  the  Moorish  universities  in  Spain, 
a  quarter;  namely,  he  proposed  to  make  to  acquire  some  knowledge  of  mathe- 
the  civil  year  of  365  days,  and  every  matics  and  astronomy,   which  it  was 
fourth  year  to  insert  an  additional  day.  impossible  at  that  time  to  study  in  any 
The  yeHr  in  which  this   intercalation  Christian  country.    On  his  return  to 
took  place  was  called  bissextile,  because  France,  he  composed  several  treatises, 
the  additional  day  inserted,  bore  the  de-  which  show  a  Knowledge  of  geometry 
signalion  of  bis  sexto  calendas  Martii;  remarkable  for  that  time,  and  a  consi- 
the  day  named  sert.  calend.  Mart,  (cor-  derable  familiarity  with  the  works  of 
responding    to   our  38th  of  February)  Euclid  and  Archimedes, 
being  repeated.    It  is  easy  to  see  that        At  a  later  period  the    exainple   of 
this  intercalation,  and  in   general  the  Gerbert    was  imitated  by  an  English 
Roman  form  of  year  is  the  same  as  that  monk   named   Adhelard,  who  for  the 
now  in  use ;  but  it  has  been  found  ne-  »»<e  of  acquiring  scientific  knowledge, 
cessary  to  introduce  some  modifications,  travelled  in  Spain  and  Egypt,  and  havmg 
the  nature  of  which  will  be  explained  in  become  acquainted  with  Arabic,  turned 
n  subsequent  part  of  this  treatise.    But  it  to  account,  by  translating  from  that 
without  KoinR  further  at  present,  it  may  language  into  I^tin  the  Elements  of  Eu- 
be   noticed  that  the  tropical  year,  not  cl»a-    This  appears  to  be  the  first  trans- 
having  the  value  supposed  by  this  me-  lation  of  Eudki  executed  in  the  west; 
thod,  hut  being  in  fact,  at  the  time  of  but  it  seems  to  have  been  little  known, 
CaDsar,  about  ten  minutes  shorter,  at  the  and  has  remained  in  manuscript  till  the 
end  of  about  a  century  and  a  half,  the  pesent  day.    The  translation  of  Euclid 
beginning  of  the  civil  year  would  be  a  hy  Campanus,  who  lived  about  a  cen- 
day  iHihind  that  of  the  astronomical ;  tury  later,  was  the  first  Uiat  acquired 
and  this  difference  would,  of  course,  go  ^Y  popularity ;  and  all  the  early  edi- 
on  increasing.    We  shall  see  that  this  twns  were  printed  from  his  text,  which 
was  in  reality  what  took  place,  and  wa»  ^^  that  of  Adelhard,  a  translation 
that  ultimately  the  error  became  pretty  ^om  the  Arabic,  a  hmguage  apparently 
considerable  known  to  several  of  the  literati  of  that 
The  great'  division  of  the  Roman  em-  day,  while  they  still  remained  in  pro- 
pire  under  the  sons  of  Theodosius,  pro-  found  ignorance  of  Greek. 
bably  exercised  considerable  influence        In  the  thirteenth  cent  uiy  many  symp- 
on  the  fate  of  letters  and  science.    The  tops  of  a  revivmg  love  for  letters  and 
Greek  langua«?e,  which  for  a  long  time  science  began  to  show  themselves ;  and 
had  been  familiar  to  the  Romans,  ceased  knowledge  which  bad  been  hitherto  con- 
to  t>e  cultivated  in  the  West;  and  this  cir-  fined  in  monasteries,  now  spread  into 
cumstance  is  of  some  imporUnce  in  the  «ties  and  courts.    The  barbarous  mo- 
history  of  astronomy;  for  we  have  seen  nwchs  of  the  middle  ages  were  suc- 
that  this  science  was  almost  completely  c««i«d  \  P™m«»  ^"o  cultivated  and 
neglected  in  Italy :  those  who  wished  to  protect^  letters ;  and  though  it  is  to  be 
cultivate  it  were  necessarUy  obliged  to  feweo  that  the  encouragement  given  by 
have  recourse  to  Greek  authors.    But,  some  of  them  to  astronomy,  was  founded 
during  the  middle  ages,  the  little  learn-  on  a  superstitious  belief  in  the  influence 
ing  that  existed  in  Western  Europe  was  of  the  stars,  we  may  view  with  some  in- 
confined  entirely  to  a  knowledge  of  the  dulgence  a  wcakws*  N<^vt\i\«^  \^  v^ 
\ i ^  beneficial  e«ecX^    Ttve^  tmve^^  ^^ 
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this  subject,  but  Walther  affirms  that  his  age),  his  PhcBnieiaii  origni« the  tiwrds  ol 

discovery  was  made  preyiously  to  beoom-  iTthagoras  in  the  east, — if  we  oompare 

11112:  acquainted  with  the  works  of  either  these  circumstances  with  the  doetnnes 

of  these  philosophers.  of  Aryabhatta  in  India, — ^little  doubt  wiU 

p              .Y  remain  that  the  motion  of  the  earth  was 

UHAPTBR  1  A.  borrowed,  with  other  truths,  from  one 

Copemicui.-'Tyeho.  of  the  oriental  nations.    Unfortunately 

The  limits  of  this  treatise  will  not  allow  we  know  not  much  of  the  axguments  by 

us  to  notice  various  meritorious  astro*  which  these  doctrines  were  supported 

nomers  of  the  early  part  of  the  sixteenth  in  Greece ;  though  we  possess  m  suffi- 

century,  whose  names  are  now  little  cient  detail  the  nugatory  reasons  urged 

known,  and  whose  writings  can  offer  against  them  by  Aristotle,  and  in  1^ 

little  interest.   We  shall  proceed  at  once  times  by  Ptolemy*, 

to  a  work  which  was  destined  to  change  However,  it  was  not  difficult  for  Co|>er 

foreverthefaceofastronomicalscience —  nicus  to  conceive  all  the  reasons  which 

the  Revolutions  of  Copernicus*.  Struck  1^  the  Pythagoreans  to  the  doctrine 

^vith  the  complication  of  the  Ptolemaic  of  the  earth's  motion ;  and  these  he  has 

theory,  and  tne  weakness  of  the  ar^u-  expounded  with  singular  judgment    It 

ments  by  which  it  was  supported,  this  would  be  too  much  to  expect  him  to  be 

great    man    had    passed    nearly  forty  always  superior  to  the  erroneous  phy- 

years  of  his  life  in  meditating  on  the  sical  ideas  of  his  age ;  but  his  areumeot 

true  system  of  the  world.    He  was  led  is  in  general  equally  distinguisbed  by 

irresistibly  to  the  conclusion  that  the  sound  sense  and  moderation.  He  begins 

system  taus^ht  in  Greece  by  the  Pytha-  by  remarking  that  if  we  suppose  the 

goreans,  of  the  earth's  motion  on  its  distance  from  the  earth  to  the  fixed  stars 

own  axis,  and  round  the  sun,  was  the  to  be  infinitely  great,  compared  with  its 

only  one  consistent  with  the  observed  distance  from  the  centre  of  the  universe; 

Shenomena  and  the  simplicity  of  nature,  but,  on  the  contrary,  this  latter  db- 
lut  to  make  this  veiy  interesting  and  tancetobe  very  considerable  when  corn- 
important  question  fully  understood,  it  pared  with  the  orbits  of  the  plaoets; 
will  be  better  to  refer  to  the  opinions  of  all  the  phenomena  may  be  just  as 
preceding  phUosophers  on  the  subject.  well  explained  by  supposing  the  earth 
From  a  very  early  age  in  Greece,  it  to  revolve  on  its  axis  from  west  to  east 
had  generally  been  recognized  that  the  in  twenty-four  hours,  and  fo  have  be- 
earth  was  of  a  spherical  figure,  and  upon  sides  this  a  motion  of  translation  in  the 
this  point  there  was  not,  and  indeed  heavens  ;  as  by  supposing  the  earth  to 
there  scarcely  could  be,  any  difference  of  be  immoveable  while  the  &ed  stars  and 
opinion.  But  this  fact  once  conceded,  planets  revolve  round  it  ^in  their  dif- 
the  question  naturall}^  arose,  was  it  ferent  spheresf.  That  the  earth  itself 
suspended  motionless  in  the  universe,  was  a  point  compared  with  the  distance 
the  centre  of  the  heavenly  motions,  or  of  the  heavens  (meaning  the  fixed  stars) 
did  it  of  necessity,  as  some  argued  from  was  a  point  conceded  on  all  sides ;  but 
the  supposed  impossibility  of  its  remain-  as  Copernicus  very  well  remarks,  it  by 
ing  unsupported,  revolve  round  another  no  means  follows  from  this  that  the 
b(^y  ?  It  is  singular  enough,  that  the  earth  is  at  rest  in  the  centre  of  the 
))hilosophers  who  first  taught  in  Greece  universe :  on  the  contrary,  it  seems  the 
the  rudiments  of  science,  generally  advo-  more  extraordinary  that  such  a  vast 
cated  what  we  now  know  unquestionably  circumference  should  revolve  in  twenty- 
to  be  the  real  system  of  the  world,  the  four  hours,  rather  than  this  infboitesi- 
revolution  of  the  earth  round  the  sun.  mally  small  part  of  it,  the  earth*. 
This  was  taught  by  the  followers  of  He  then  proceeds  to  consider  the  rea- 
Pythagoras,  and  by  those  of  Thales:  sons  urged  by  ancient  philosophers 
and  i)arlicularly  by  Philolaus  and  Anax-  against  the  earth's  motion.  Tlie  first  ar- 
iniander.  If  we  consider  how  contrary  gument  he  combats  is  a  very  futile  and 
this  theory  apparently  is  to  the  evidence  fanciful  one  urged  by  Aristotle.  The  earth 
of  the  senses,  and  how  unlikely  to  be  according  to  him  was  the  heaviest  of  the 
one  of  the  first  truths  discovered  in  the  elements,  and  all  heavy  bodies  tended  to 

infancy  of  science, — if  we  consider  the    — — — 

prediction  of  an  eclipse  by  Thales  (a  *  Plutarch  (QuK«LPi»t.)teU»  us  ih»t  the  lyttm 

vn^«4-    Am..*.^^.^:.^ r     i.   r       lu*            1  of  the  earth '■motion,  which  wo  propotedoanhf • 

most    extraordinary    fact  for  this   early  pothesl.  by  Aribtarchoa.  waa  prov^by  adeacu.  , 

::: — — —  but  of  the  natare  of  thla  proof  we  ar«  i|i  icnonoce. 

^  '^^oVavloBum,  lib.  i.  cap.  6, 


*  A  Dative  ofThorii  in  PoVish  PTUwia,  wa»  bo^u 
in  the  jev  liJSf  died  in  1543, 
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its  centre.  The  latter  part  of  this  affir-  rest**  It  were  to  be  wished  that  Co- 
mation  we  should  have  in  these  days  pemicus  had  always  contented  himself 
little  difficulty  in  admitting,  but  the  in-  with  reasoning  as  soundly  ;  but  we 
ference  deduced  was  rather  extraordi-  have  seen  that  he  frequently  combats 
nary.  "  So  much  the  more  then/*  said  the  Aristotelians  with  arguments  frivo- 
Aristotle,  "  will  the  whole  earth  rest  in  lous  and  futile  as  their  own  objections, 
the  centre,  and  that  which  receives  all  The  most  illustrious  sa^  have  shown 
heavy  bodies  falling  on  it,  remain  im-  that  on  some  weak  point  they  were  as 
moveable  by  its  own  weight."  To  this  fidlible  as  their  brethren,  and  Copernicus 
he  adds  an  argument  still  more  fanciful,  has  not  avoided  paying  this  tribute  to 
"  All  .simple  motion  must  be  rectilinear  mortal  nature.  But  we  must  not  class 
or  circular ;  to  a  centre,  from  a  centre,  with  such  errors  his  speculations  on  the 
or  round  a  centre.  It  suits  earth  and  existence  of  several  centres  of  gravity 
wafer,  which  are  heavy  bodies,  to  tend  in  the  universe.  The  Aristotelians,  ol>- 
downwards ;  air,  and  fire,  which  are  light,  serving  that  heavy  bodies  on  the  eairth's 
to  rise  upwards :  it  seems  reasonable  to  surface  tended  to  its  centre,  hastily  con- 
eive  these  four  elements  rectilinear  mo-  eluded  that  this  point  was  the  centre  of 
tion,  but  to  the  celestial  bodies,  a  circular  gravity  of  the  universe.  But  this,  Co- 
motion."  It  must  be  confessed  that  the  pemicus  remarks,  is  very  doubtful, 
objections  urged  by  Ptolemy,  though  Gravity,  according  to  him,  is  nothing 
sufficiently  trivial,  were  a  little  more  but  the  tendency  of  parts  to  draw  toge- 
rational.  This  latter  author  objected  to  f  her  and  coalesce  in  the  form  of  a  globK**. 
the  diurnal  revolution  of  the  earth,  that  '*  Now  it  is  probable  that  such  a  tendency 
from  its  extreme  rapidity  it  would  over-  exists  in  the  sun,  moon,  and  other  hea- 
come  the  force  of  gravity,  and  everything  venly  bodies;  but  this  does  not  hinder 
on  the  earth's  surface  l>e  scattered  and  them  from  describing  their  respective 
dissipated  into  space.  The  re])ly  of  orbits.  If,  then,  the  earth  have  other 
Copernicus  is  not  completely  satisfac-  motions,  these  must  be  the  same  as  we 
iory ;  he  might  have  said  that  such  effects  api)ear  to  observe  in  'other  bodies ;  and 
would  not  necessarily  take  place,  unless  if  we  change  the  solar  orbit  into  a  ter- 
the  velocity  of  rotation  were  sufficiently  restrial  one,  the  risings  and  settings  of 
peat  to  counteract  the  force  of  gravity :  the  signs  and  fixed  stars,  in  the  evening 
bat  he  replied,  in  a  style  too  consonant  to  and  morning,  will  appear  the  same :  the 
that  of  his  adversaries,  that  the  motion  retrogradations,  and  precessions  of  the 
WIS  natural  and  not  violent ;  that  natural  planets  will  be  no  longer  their  real  mo- 
motions  have  not  the  same  effects  as  tions,  but  appearances  borrowed  from 
violent  ones ;  the  latter  tending  to  disso-  that  of  the  earth :  the  sun,  lastly,  will  be 
lotion,  the  former  to  conservation*.  He  in  the  centre  of  the  universe,  as  the  order 
adds,  however,  much  more  reasonably,  in  which  these  phenomena  succeed  each 
that  if  Ptolemy*s  argument  be  worth  other,  and  the  harmony  of  the  whole 
anything,  it  will  apply  with  still  greater  world,  sufficiently  show.** 
force  to  the  celestial  sphere,  which  must  After  having  combated  the  opinions 
revolve  with  a  velocity  infinitely  greater,  of  preceding  philosophers,  with  regard 
and  consequently  be  exposed  in  an  infi-  to  the  immobility  of  the  earth,  Coper- 
nitely  greater  degree  to  this  dispersion,  nicus  proceeds  to  explain  his  own  sys- 
"  Why,  then,  do  we  hesitate,'*  he  ex-  tem ;  which  placed  the  sun  in  the  centre 
diims,  '*  to  give  to  the  earth  the  mobility  of  the  world,  the  planets  revolving  round 
snitableto  its  form,  rather  than  that  the  it  in  the  following  order,  beginning  with 
universe,  whose  bounds  we  do  not  and  the  nearest:  Mercury,  Venus,  the  Earth, 
cannot  know,  should  revolve  ?  why  Mars,  Jupiter,  and  Saturn.  The  Moon 
should  we  not  confess  that  the  diurnal  revolved  in  a  circle,  which  had  the 
revolution  is  apparent  only  in  the  heavens  Earth  for  its  centre,  and  consequently 
and  real  in  the  earth  ?  Thus  Eneas  in  participated  in  the  annual  motion  of 
Virgil  exclaims —  that  body.     As  the  Copemican  system 

Prarchiinur  portu,  terrnque  urbeique  reeedant.  is    nOW    explained    in    all    treatises     On 

Since  while    the  ship    glides    tran-  astronomy,  we  shall  not  enter  into  details 

qnilly  along,  all  external  objects  ap-  respecting  it,  but  shall  merely  notice  one 

pear  to  the  sailors  to  move  in  proper-  or  two  circumstances  connected  with  it, 

tioQ  as  their  vessel  moves,  and  they  alone  which  are  not  so  generally  known.  Ever 

and  what  is  with  them,  seem  to  be  at  since  the  time  of  Aristotle  it  had  been 
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reeeiTed  that  dl  the  heavenly  metknu  In  this  respect  the  fyitem  of  Gopenieni 
were  eireular.  This  doctrine  was  founded  was  unnecessarily  eomplicaied :  then  is 
on  some  very  false  metaphysical  notions,  nothing^  in  the  motion  round  the  sun  to 
about  the  exoellenoe  and  incorruptibility  derange  the  earth's  axis,  which  alwm 
of  circular  motion,  hut  it  led  astray  Pto«  remains  very  nearly  parallel  to  itseu: 
lemy,  and,  we  must  add  with  regret,  Co*  consequently,  the  two  ooonteracthig  mo- 
pmicus;  indeed,  the  latter  pushed  these  tions  of  Cfopemicus  should  be  sup- 
ideas  so  far  as  to  blame  Ptolemy  for  pressed.  Delambre,  Astron.  Modems^ 
havinjB:  admitted,  for  the  minor  planets,  vol.  i.,  p.  95,  affirms  that  Kepler  wu 
a  motion  which  was  not  uniform  round  the  first  to  point  out  the  propriety  of 
tlie  centre  of  the  circle,  but  round  a  this  suppression ;  but  the  nust  is  that  it 
point  at  a  certain  distance  from  it.  was  most  clearly  indicated  by  Roth- 
his  reasoning^  on  this  subject  is  com*  mann,  astronomer  to  the  Lamigrave  of 
pletely  Aristotelian.  *'  It  is  impossible  Hesse,  before  Kepler.  In  a  letter  to 
that  a  sincle  celestial  body  can  move  Tycho  Brah6,  he  remarks  *'  there  is  no 
unequally  in  one  orbit ;  for  that  must  occasion  for  the  triple  motion  of  the 
happen,  either  through  the  inconstancy  earth ;  the  annual  and  diurnal  motions 

of  the  moving  power,  whether  it  be  ex-  suffice. The  axis  of  the 

traneuus,  or  belong:ing  to  its  intimate  earth  is  so  carried  round  in  its  an- 
nature ;  or  through  a  disparity  in  the  nual  motion,  that  it  always  remains 
l)ody  revolving.  But  l)oth  of  these  sup-  pointed 'in  a  parallel  direction  to  the 
^Msitions  are  repugnant  to  our  under-  same  part  of  the  universe ;  and  on  aO" 
standings*.**  Howevt^r,  it  was  neces-  count  of  the  evanescence  of  the  tenet- 
sary  to  have  recourse  to  some  hypo-  trial  orbit,  compared  with  the  inunenBty 
tlicbis  for  explaining  the  evident  excen-  of  the  sphere,  it  always  remains  directed 
triuity  of  the  planetary  orbits.  Coper-  exactly  to  the  same  point.*'  This  letter, 
nicus  employed  the  ancient  hypothesis  printed  in  Tycho's  Epistolse,  lib.  i.»  p.  184» 
of  an  epicycle  for  this  purpose ;  and  this,  is  dated  in  the  year  1590.  Kep]er*s  earliest 
perhaps,  was  the  liest  that  could  be  work  was  printed  1596  ;  his  Epitome 
adopted  before  the  discovery  of  the  real  of  the  Copernican  Astronomy,  in  161ft. 
form  of  these  orbits  by  Kepler.  But  he  Copernicus  has  also  fallen  into  the 
had  the  advantage,  in  his  system,  of  mistake  of  admitting  an  inequality 
being  obliged  to  introduce  epicycles  to  in  the  precession  of  the  equinozesp  ana- 
account  ft)r  the  real  inequalities  only  of  iogous  to  that  already  spoken  of  under 
the  planets,  while  Ptolemy  was  com-  the  name  of  trepidation,  which  existed 
jjelled  to  combine  with  these  numerous  only  in  the  imaginations  of  certain  au- 
othei's,  to  explain  tiieir  stations  and  re-  thors  of  the  middle  ages;  having  hem 
trogradations.  passed  over  in  silence  by  Ptolemy,  and 

In  speaking  of  Hipparchus,  we  have  distinctly  rejected  by  £l-BatanL 
noticed  the  discovery  he  made  of  an  ap-        The  illustrious  author  of  the  Revdu- 

parent  retrogradation  of  the  equinoctial  tions  was  well  aware  that  his  system  of 

points.     Copernicus  pointed  out  that  the  world,  as  well  from  its  novelty,  as 

this  phenomenon  was  the  effect  of  a  from  the   intellectual    monopoly  then 

libration  of  the  earth's  axis,  which  did  exercised  by  the  followers  of  Aristotle^ 

not  remain  parallel  to  itself,  but  had  a  was  likely  to  meet  with  great  opposi- 

slow  retrograde  conical  motion,  the  cone  tion ;  and  he  seems  to  have  t>een  anxious 

in  question  iiaving  its  vertex  at  the  earth's  to  present  it  in  a  form  as  little  offensive 

centre.      He  seems  to  liave  imagined  as  possible.    But  he  docs  not  appear  to 

tliat   the  motion  vi  translation  would  have  anticipated  the  outcry  that  would 

derange  the  parallelism  of  the  earth's  be  made  against  liim  upon  what  were 

axis,  and  that  it  was  necessary  to  give  called  relic:ious  grounds.    To  such  ol>- 

tliis  latter  a  retroijnule  conicaJ  motion  jections  he  alludes    briefly    and  con- 

of  the  nature  described,  and  in  quantity  tempt uously ;  and  it  is  somewhat  singu- 

such  as  nearly  to  counteract  the  effect  lar  that  he  not  only  dedicates  his  work 

of  the  libration  from  the  annual  motion,  to  Pope  Paul  the  Third,  but  mentions 

Ihil  he  did  not  suppose  this  to  be  exactly  tliat  he  was  principally  induced  to  pub- 

the  case  :  the  retrograde  motion  of  the  lish  it  by  the  persuasions  of  his  friends, 

axis  was  made  to  surpass  a  hltle  the  Schonberg,    Cardinal    of   Capua,   and 

other,  and  this  excess  was  supposed  to  Gisias,  IJishop  of  Culm.    Apparently, 

produce  the  phenomena  of  precession,  these  prelates  suspected  us  little  as  hini- 

self  that  any  charge  of  impiety  could  be 

•  Bevoi.  \,  4.  vi^^VtWiV^  lcQ\a  ^sl  ^tronomical  theory. 
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The  doctrine!  of  Copernieue  found*  yiuminaled  part  of  the  earth*!  surfiue. 

\t  fint,  few  partixaa! ;  but  theae  were  Thia  explanation  ia  so  aimple  and  ao 

il  men  of  pneat  acientific  merit,  and  natural,  that  it  has  been  universally  ad- 

LOiong  the  first  aatronomera  of  their  mitted  by  astronomers  ever  since.    It 

lav.     Such  were  Rhaetious,  who  baa  ic  said,  however,  that  the  celebrated 

rritten  a  commentary  on  the  Revolo*  painter,  Lionardo  da  Vinci,  had  made 

ions,  and  to  whom  we  owe  the  valuable  tbia  remark  before  Maestlin  *. 

>pu8  Paiatinum*,  and  Erasmus  Rhei-  The  middle  of  the  sixteenth  century 

I  old,  author  of  the  Prutenic  Tables,  was  rendered  memorable  by  the  pub- 

irhi<^  may  be  eonsidered  as  an  amelio-  lication  of  the  immortal  work  of  Co« 

ation  of  those  of  Copernicus,  and  which  pemicus ;  the  close  of  it  was  adorned  by 

injoyed  for  some  time  considerable  re-  the  labours  of  Tycho  Hrahe  t-     The 

lutation.   The  commentary  of  Rhsticus  ibrmer  had  passed  his  life  in  meditation 

nforma  us  of  a  curious  fact ;  that  it  was  on  the  sublimest  truths  of  astronomy, 

he  observation  of  the  orbit  of  Mars,  the  latter  devoted  his  time  and  fortune 

Lod  of  the  very  great  difference  between  to  diligent  observation  of  the  heavens, 

lis  apparent  diameters  at  different  times.  He  wais  rewarded  by  a  number  of  bril- 

vhtch  first  led  Copernicus  to  embrace  liant  discoveries,  which  have  secured 

he  system  of  the  Pytha^reans ;   we  for  him  a  fame  eaual  to  that  of  his  most 

ihall  see  that  the  same  planet  led  Kepler  distinguished  predecessors.   Fortunately 

o  the  discovery  of  one  of  the  most  im-  for  science,  he  found   a  protector  in 

)ortant  facts  connected  with  our  sys-  Frederic,  kincr  of  Denmark,  who  granted 

em.    Rheinold  is  remarkable,  as  hav-  him  the  island  of  Huene  in  tlie  Baltic. 

n^  taus^ht  that  the  orbit  of  Mercury  was  and  assisted  him  in  building  a  Kplendid 

iliptic ;  and  in  his  theory  of  the  moon  observatory,  furnished  with  inbtrumcnts 

le  made  her  epicycle  to  revolve  on  an  superior  to  any  that  had  yet  been  con- 

Iliptic  orbit,  thereby  partially  anrici-  structed.    Here  he  continued  for  twenty 

Nitins^  the  sreat  discovery  of  Kepler,  to  years ;  and  in  that  time  collected  a  mass 

vhich  we  have  just .  alluded.    To  Khei-  of  observations,  which  were  of  the  great- 

lold  and  Kh«eticus  we  may  add  the  est  use  to  succeedinc:  astronomers,  as 

lamcs  of  Rothmann,  astronomer  to  the  well  as  to  himself,  in  the  reformation  of 

^nili^rave  of  Hesse,  and  Mflestlin,  the  the  sciences.    But,  at  the  death  of  Fre- 

istriK-tur  of  Kepler.    The  Landgrave  dcric,  the  enemies  of  Tycho  induced  the 

f  Hesse  is  a  remarkable  instance  of  a  minister  Walchendorp,  to  withdraw  the 

overeign  prince  animated  with  such  an  donations  of  the  late  kins^,  and  the  as- 

jrdour  for  science,  that  for  many  years  sistance  he  had  been  in  the  habit  of  re- 

le  devoted  liimself  to  assiduous  obser-  ceiving.  These,  and  other  circumstances, 

ation,  and  produced  a  catalogue  of  the  induced  the  illustrious  astronomer  to 

ixed  stars,  which  was  enabled  to  bear  a  withdraw   in   disgust   into    Germany, 

:omparison  with  that  of  Tycho  Brah6.  where  he  met  with  Kepler,  wlio,  of  all 

le  was  assisted  by  Ilothmaun,  just  men-  men  in  Europe  at  that  time,  was  per- 

ioned,  and  Justus  Byrgius,  a  mathema-  haps  the  best  able  to  make  a  good  use  of 

icinn  of  considerable  eminence,  and  well  his  extensive  and  valuaNe  observations, 

'ersfd  in  the  construction  of  astrono-  We  have  seen  thnt  the  Greeks,  in 

nical    instruments.     Maestlin,  one  of  comparing  the  position  of  the  fixed  stars 

lie  few  partisans  in  those  days  of  the  with  that  of  the  sun,  made  use  of  the 

ystem  of  Copernicus,  is  known,  not  moon ;  they  determined  in  the  day-time 

Derely  as  tlie  preceptor  of  tlie  illos-  the  distance  of  these  two  bodies,  and  at 

nous  Kepler,  but  as  having  been  the  night  the  difference  of  position  between 

irst  to  explain  the  real  cause  of  the  the  moon  and  a  given  fixed  star.    The 


amed  upon  thit  subject  had  been,  that  for  the  moon  the  planet  Venus  t.  wliosc 

liis  was  produced  by  a  proper  light  be-  profier  motion  is  at  oiice  much  smaller 

oiis:ingtothemoonitseIf'i-;butMsestlin  and  more  uniform,  and  from  its  great 

Atributed  it,  and  with  reason,  to  the  brightness  is  frequently  visible  for  some 

eflection  of  the  solar  light  from  tlic  ~^  Life  of  G.ineo7pTS3; 

— • ' ~ t  Born  In  IMB  at  Knndstriip  In  Denmark— cU«d 

*  Au  extremely  extenalTe  table  of  aLoea,  tan*  In  IfOI,  at  Pragne  in  BohcinU. 

ent«.  See.  x  U  avycan,  bowtxci,  \\\ali  V\i^\ii^Tv&^Cra:««>sAii 

t  Others  said  that  It  wai  produced  by  Uie  light  lomeMmca  uaed  Ven«%  \ii  %  v\tn\\ax  ^«i^  *.  ^«X!k.v<« 

•fVenua.    V,  Ufe  of  OalUfey  ^  M.  a»MttaioC)ttA^«aWvMLdbttM  V^WQNiVki>aa^'ut. 
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time  while  the  son  is  yet  above  the  ifhoiDtroduoedtlusimporttnteoiTeetioa. 
horizon.  Having  once  determined  in  He  made  the  horizontal  refraction  34f, 
this  way  the  places  of  a  few  principal  which  agrees  very  well  with  modem  deter- 
fixed  stars,  the  others  were  referred  to  minations;  but  he  was  mistaken  in  sup- 
them  by  measuring;  their  angular  dis-  posing  that  refraction  does  not  eut 
tances  to  two  fixed  stars,  one  to  the  east»  above  46''  of  altitude.  This  mistake  is 
and  one  to  the  west,  and  by  determining  observation  led  him  to  another  in  theoiy. 
their  meridian  altitudes.  It  was  easy  In  the  beginning  he  had  formed  a  jut 
from  these  data,  to  calculate  the  right  conceptionof  the  causes  of  refraction;  he 
ascensions;  and,  as  the  meridian  ob-  attributed  it  to  a  difierence  in  density 
servation  gave  the  declination,  to  de-  between  the  atmosphere  and  the  ethcretl 
termine  the  lone:itudes  and  latitudes.  It  matter  which  he  supposed  to  pervade  tbe 
appears  that  Walther  was  the  author  of  planetary  regions.  On  this  subject  he 
the  method  of  determining  a  star's  place  had  a  warm  discussion  with  Rotnmann, 
by  oljserving  its  distances  to  other  who  attributed  refraction  to  vapoun 
known  fuced  stars.  These  contrivances  arising  from  the  earth,  and  reoderiiu; 
would  have  been  unnecessary  had  astro-  more  dense  the  lower  regions  of  the  at- 
nomers  possessed  any  means  of  mea-  mosphere*.  The  argument  of  Roth- 
sunn  g  time  accurately.  The  Greeks  used  mann  against  the  theory  of  the  Danidi 
for  this  purpose  water-clocks,  which  were  astronomer  was  indeed  irrefiragable.  had 
necessarily  very  imi)ertect :  T^'cho  had  the  facts  been  as  admitted  on  &th  sides. 
substituted  for  water,  mercury,  and  this  If  refraction  were  owing  to  the  causes 
not  answering,  he  had  made  several  at-  assigned  by  Tycho,  he  contended  that  it 
tempts,  as  Walther  and  the  Landgrave  would  extend  to  the  zenith;  and  thoucfa 
of  Hesse  had  done  before  him,  to  mea-  Tycho  at  one  time  admitted  that  this 
sure  time  by  means  of  clocks  moved  with  might  be  sot.  he  seems  ultimately  to  hare 
wheels,  but  had  not  been  able  to  construct  \yeen  convinced  of  the  contrary,  as  in  the 
any  which  gave  satisfaction.  This  diffi-  Progymnasmata  {  he  adopts  the  ezpla- 
culty  was  not  surmounted  before  the  time  nation  of  Rothmann. 
of  H  uyghens.  Tycho  was,  however,  ena-  The  year  1 5  72  is  memorable  in  the  an- 
bled  to  form  a  catalogue  of  the  fixed  stars,  nals  of  astronomy  for  the  appearance  of 
surpassing:  considerably  in  accuracy  anew  star  of  extraordinary  brilliancy  in 
those  of  Ptolemy  and  the  Arabs.  In-  the  constellation  Cassiopeia.  It  ap- 
deed,  he  flattered  himself  that  the  errors  peared  on  a  sudden  with  a  light  greater 
never  exceeded  a  minute ;  but  in  this  he  than  that  of  any  of  the  fixed  stars,  or 
seems  to  pretend  to  a  greater  degree  of  even  Jupiter,  and  nearly  equal  to  thatof 
accuracy  than  his  instruments  were  Venus  when  brightest  But  it  did  not 
susceptible  of.  long  shine  with  tliis  degree  of  splendour : 
Hitherto  astronomers  had  always  de-  it  was  first  seen  by  Tycho  on  the  Uth 
termined  the  latitude  of  the  place,  where  of  November,  and  by  the  month  of  Janu- 
tiiey  made  their  observations,  by  ob-  ary,  its  light  was  less  than  that  of 
servinj^  the  zenith  distances  of  the  sun,  Jupiter;  in  February  and  March  it  wsi 
at  the  summer  and  winter  solstices,  comparable  to  the  fixed  stars  of  the 
Half  the  sum  of  these  quantities  was  first  magnitude ;  during  April  and  May 
the  latitude  required.  Tycho  invented  to  those  of  the  second,  and  so  it  went  on 
another  method,  much  more  convenient,  diminishing  till  it  finally  disappeared  in 
as  the  latitude  could  by  it  be  found  in  March  1574.  A  phenomenon  so  extra- 
twelve  hours  instead  of  six  months,  ordinary  could  not  fail  to  fix  the  atten- 
during  which  it  was  necessary  to  wait  in  tion  of  all  astronomers.  It  furnished 
the  old  method.  He  observed  the  zenith  Tycho  Brah6  with  matter  for  a  consider- 
distances  of  some  circumpolar  star  on  able  treatise,  in  which  he  has  compaitd 
the  meridian  when  above  and  below  the  and  discussed  the  various  observationi 
pole:  half  the  sum  of  these  was  the  made  on  it  in  different  parts  of  Europe, 
colatitude  of  the  place.  On  comparing  From  all  of  these  it  evidently  resulted 
the  latitude  thus  found  with  that  deter-  that  the  star  in  question  had  no  sensible 
mined  by  observations  of  tlie  solstices,  parallax,  and  consequently  was  infinitely 
he  found  a  difference  of  four  minutes,  beyond  the  planetary  reiiions.  It  has 
which  he  rightly  imputed  to  the  effects  been  said  that  this  phenomenon,  rareai 
of  refraction.   This  led  him  to  form  from  it  is,  was  not  altogether  unprecedented  in 

observation  a  table  of  refractions,  which  — 

though  necessarily  imperfect  secures  (or  -     ;  ^iS{:*A;tt;nT'iSi?*- 

mm  the  glory  of  havmg  ueeu  uit^iwcsX.  \  ^>«>s^)l^2dk  wtV^^^u 
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the  history  of  the  workL  Pliny  narrates  same  illustrious  author.  Hipparchus 
that  a  similar  circumstanoe  suggested  had  shown  that  the  lunar  orbit  was  in- 
to Hipparchus  the  idea  of  forming  a  cata-  clined  to  the  ecliptic  at  an  angle  of  nearly 
logiie  of  the  fixed  stars.  The  fact  is  5"* ;  but  Tycho  proved  that  this  inclina- 
certainly  possible ;  but  if  it  be  true,  it  tion  is  not  constant*  it  varies  nearly  2(f; 
seems  singular  that  the  star  should  not  it  is  at  its  maximum  when  the  moon  is 
be  mentioned  in  the  catalogue  of  that  in  quadratures,  and  at  its  minimum  when 
astronomer.  Some  authors  have  quoted  in  syzigies*.  The  third  discovery  of  Tycho 
on  this  subject  the  tradition  with  regard  on  this  subject  was  that  the  motion  of  the 
to  the  constellation  of  the  Pleiades ;  lunar  nodes,  is  not,  as  had  been  sup- 
which  are  said  to  have  been  originally  posed,  uniform,  but  variable,  at  one  time 
seven  in  number,  whereas  six  only  are  appearing  to  advance,  at  another  to 
usually  perceived  by  the  naked  eye;  but  retrograde. 

this, even  ifwell  established,  would  merely  It  has  been  shown  that  the  Chaldaeans, 

prove  a  diminution  in  brightness  of  one  according  to  Apollonius  Myndius,  be- 

of  the  stars  forming  that  constellation.  lieved  comets  to  be  bodies  of  the  same 

Tjrcho  was  too  good  an  astronomer  to  nature  as  the  planets ;  and  this  opinion 

admit  the  pretended  inequality  in  the  is  warmly  embraced  by  Seneca.    But  it 

precession  of  the  equinoxes,  which  had  never  seems  to  have  enjoyed  much  favour 

l)een  introduced  into  the  tables  of  Al-  amonu:  astronomers  before  the  latter  part 

phonso  and  Copernicus.  This  invention  of  the  fifteenth  century.    The  best  phi- 

of  a  barbarous  age  was  now  finally  dis-  losophers  entertained  the  most  inade- 

carded ;  nor  would  it  have  stood  so  long,  ouate  ideas  upon  this  point,  believing 

were  it  not  for  the  undeserved  confidence  tnem  to  be  not  merely  sublunary  bodies, 

some  astronomers  placed  in  the  position  but  even  within  the  terrestrial  atmos- 

of  the  fixed  stars  as  [given  by  Ptolemy,  phere';  and  to  these  false  notions  they 

But  Tycho  and  his  correspondent  Roth-  added  others  still  more  absurd  about  the 

mann  were  satisfied  that  Ptolemy  had  generation  of  these  bodies  in  the  upper 

only  borrowed  the  catalogue  of  Hippar-  regions  of  the  air.    Tycho  was  the  first 

cbus,  reducing  it  to  his  own  times,  by  to  overthrow  these  prejudices;  and  his 

tlie  value  he  iLssigned  to  Precession*;  an  labours  on  this  point  form  one  of  his 

opinion  which  has  generally  been  adopted  most   solid   titles    to   glory.      Having 

by  succeeding  philosophers.    In  com-  observed  carefully  the  comet  of  the  year 

paring  the  positions  given  by  Hippar-  1577  through  the  whole  visible  part  of 

i*hus.  with  those  of  his  own  catalogue  of  its  orbit,  he  established  beyond  a  doubt, 

the  fixed  stars,  Tycho  Brah6  was  led  that  it  had  no  sensible  parallax;  whence 

to   the  important    discovery  that    the  he  deduced  two  conclusions  of  great 

inclination  of  the  earth's  equator  to  the  importance,  and  quite  fatal  to  the  es- 

plane  of  the  ecliptic  is  not  constant,  but  tablished  theories  on  the  subject.    The 

subject  to  a  very  slow  diminution.    As  first,  that  comets  move  far  beyond  the 

the  diminution  in  question  is  very  gra-  orbit  of  the  moon ;  the  second  that  the 

dual,  the  existence  of  it  was  for  a  long  heavens  are  not  formed,  as  was  then 

time  disputed  ;    but  modem    observa-  supposed,  of  solid  transparent  spheres, 

tions  have  established  it  beyond  dis-  since  they  are  traversed  by  comets  in 

pute,  and  La  Grange  has  shown  that  every  direction.    The  Aristotelians  were 

it  is  a  consequence  of  the  theory  of  uni-  reluctant  to  concede  two  points  so  op- 

versal  gravitation.  posed  to  their  doctrines  ;  and  Tycho  was 

We  have  seen  that  Ptolemy  attributed  violently  attacked  upon  this  subject  by  a 
to  the  moon  two  inequalities,  the  one  Scotchman  named  Craig ;  but  his  adver- 
depending  on  the  excentricity  of  her  saries,  totally'^unable  to  meet  his  reasons, 
orbit,  the  other  on  the  position  of  the  had  recourse  to  personalities,  which 
line  of  the  apsides  with  regard  to  that  could  not  shake  the  facts  laid  down  by 
of  the  syzigies.  Tycho  discovered  a  the  Danish  astronomer.  The  debate 
third,  called  the  variation :  this  is  was  renewed  in  the  time  of  Kepler,  but 
greatest  in  the  octants,  that  is  to  say,  the  question  was  decided  in  the  minds 
at  45<'  of  elongation  from  the  sun  of  all  really  scientific  men  by  the  discus- 
Cat  which    time  it  amounts  to   more  sion  of  Tycho. 

than  40^),  while  the  evection  discovered  It  being  once  established    that  the 

by  Ptolemy  is  greatest  in  the  quadra-  cometary  orbits  were  of  a  magnitude 

tares.    This  discovery  was  an  important  comparable  to  those  of  the  planets^  lb& 
improvement  in  ^the  ^lunar  theory ;  it 


is  not  the  only  one  that  we  owe  to  the      •  •ni«iiiequ«i\tiotxYk«\Tkc\\T\%woTiA«v*j^'^*^^ 

^ __«-«     OB  the  position  of  ihiefi\ootfmw>A«\\wX>^V»^l«« 

*  JSpUu  Abuoo,  p,  b7,  does  not  seem  U>  )&wf «  v«t«^^^ 
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tation  of  some  passa^  of  Scripture,  or 
the  desire  to  attach  his  name  to  a  new 
theory  of  the  universe,  or  was  really 
persuaded  thutthe  arrangement  proposed 


him  to  publish  it,  imagined  thtt  hs 
doctrines  contained  anj^hine  contraiy 
to  the  Scriptures.  It  was  m  later  fimn 
that  the  ciy  of  iilipiefy  was  set  op ;  and 


by  Copernicus  was  physically  untenable,  it  was  pretty  evident  that  this  damonr 
it  is  not  easy  to  decide.  It  is  certain  arose  from  the  offiended  pride  and  pR- 
that  he  generally  speaks  of  this  great  judices  of  the  Aristotelians,  detennmed 
astronomer,  in  terms,  not  of  respect  to  punish  as  heresy  what  they  eonld 
merely,  but  admiration :  and  he  refutes  not  refute  as  false  philosophy.  TVeho 
himself  the  arguments  urged  against  the  Brah6,  indeed,  was  not  an  ArisfotribDi, 
diurnal  motion  of  the  earth  by  Ptolemy  and  it  is  probable  that  he  was  sineav 
and  others,  remaricing  that  the  atmos-  when  he  quoted  certain  phrases  ised  by 
phere  would  in  this  case  revolve  with  Moses,  as  hostile  to  the  ophrion  of  the 
the  earth,  nor  would  those  absurd  con-  earth's  motion ;  but  it  is  lamentable  to 
sequences  result  which  had  been  sup-  see  such  a  man  leading  the  way  in  aa 
posed*.  Yet  led  l>y  other  reasons  of  no  opposition  of  this  kind.  He  woukf  pro- 
great  erVeight,  he  rejected  this  diurnal  bably  have  repented  of  it,  oould  he  nave 
motion :  and  placed,  with  Aristotle  and  foreseen  the  consequences  to  which  it 
Ptolemy,  the  earth  at  rest  in  the  centre  led  in  the  case  of  Galileo, 
of  the  universe.  He  supposed  the  sun  The  great  ai^ument  used  by  thii 
to  revolve  round  the  earth ;  but  his  eminent  man  against  the  earth's  dinrni 
system  differed  from  that  of  Ptolemy  in  motion  was  this :  if  a  stone  be  snflWed 
this,  that  he  made  the  five  minor  planets  to  fall  from  the  top  of  a  high  tower,  it 
to  revolve  round  the  former,  which  would  not,  as  we  see  it  does,  fkll  at  tbe 
carried  them  along  with  it  in  its  foot  of  that  tower ;  the  earth's  Telodtf 
annual  course  round  the  earth.  It  is  of  rotation  being  so  great,  that  duiing 
not  to  be  denied  that,  mathematically  the  few  seconds  it  took  tofall,  the  tOKcr 
speaking,  this  system  satisfies  the  phe-  itself  would  have  passed  through  an  ate 
nomcna  observed ;  but  it  is  so  immeasur-  of  several  hundred  feet,  and  the  Stone 
ably  inferior  to  that  of  Copernicus  in  be  left  far  behind  ere  it  touched  the 
simplicity,  that  it  appears  very  extra-  ground.    To  this  it  was  answered  by  hs 


question  natural^  suggested  itself,  what  plsnet's  proper  orbit';  ftiicl  in  the  esse  ol 

was  the  nature  of  these  orints  ?  **  Msst-  the  superior  nhmets,  the  tionrerte. 
lin.  a  zeidous    Copemican,   supposed       It  cannot  out  be  tntcrestjpg  to  know 

comets  to  revolve  in  a  cntde  round  the  the  reasons  which  the  Danmh  'philoiD- 

sun ;  and  he  explained  the  inequalities  pher  urged  in  defence  of  his  own  theay 

of   their   motion,  by    introducing    an  against  the  adherents  of    Coponini 

epicycle  on  which  he  made  them  move ;  We  shall  not  notice  the  argamcntsdrssi 

but  lycho  who  did  not  admit  the  earth*8  from  the  Scriptures,  because  ft  is  bov 

motion  round  the  sun,  proposed  to  ex-  generally  admitted,  as  indeed  was  si- 

plain  their  irregularities  by  combining  sertedby  the  Copemicans  of  those  A^i^ 

their  own  circular  motion  round  the  that  we  are  not  to  look  in    them  far 

sun,  with  the  revolution  round  the  earth  strictness  of  scientific  expresnon  on  voA 

that  he  attributed  to  that  body.  subjects,  since  they  naturally  use  ob^ 

It  is  melancholy,  after  relating  so  such  language  as  woidd  be  intelligiUe  ts  { 

many  brilliant  discoveries,  to  have  to  those  to  whom  they  were  addressed^, 

record  that  Tycho  rejected  the  Coper-  It  can  scarcely  be  supposed  that  the 

nkian  s^'sfem  of  the  world.    "Whether  Pope,  to  whom  Copotiicus  de&Stoi 

he  was  influenced  by  a  wrong  interpre-  his  work,  or  the  prelates  who  exhoited 


.  ,  -  ^onsequentlf 
place  between  those  of  Ptolemy  and  the  motion  of  a  falling  body  is  coin- 
Copernicus,  one  would  have  expected  pounded  of  a  rectilinear  and  circular 
that  it  should  have  been  the  first  attempt  motion ;  the  former  tending  to  the  cen- 
to simplify  the  complication  of  the  tre  of  the  earth ;  the  latter  in  the  cir- 
formur.  Indeed  we  may  easily  pass  from  cumference  of  the  circle  described  }ff 
the  first  to  the  second  ot'  these,  by  the  point  from  whidi  it  falls  •  and  n 
making,  for  the  inferior  planets,  the  the  velocity  with  which  this  point  re- 
deferent  coincide  with  the  annual  orbit  volves  be  so  great,  what  then  must  be 
of  the  sun,  and  the  epicycle^  with_  the 


*  Epiat.  Astion.  p.  74« 


^  N  »1M]K3DmA:[&uUi  Epiti.  Aatroiu  p.  1301 
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lie  sphere  of  the  ilied  sttn,  if  the  best  telescopes,  they  have  no  appre- 

ng  the  other  side,  suppose  tiie  ciable    diameter,  appearing  simply  as 

be  at  rest.  highly  luminous  points, 

rguments  of  Tfcho  against  the 

lotion  of  the  earth  were  much  rtxAn^^^  y 

sighty:  the  most  important  of  v^haptira. 

s  Arawn  from  the  fact  of  the  ReformaHon  qf  the  Cdendar-^Kepler. 
rs  having  no  annual  parallax.  ^Laws  of  the  Planetary  Orbits. 

Copernicus   teaches,  the  earth 

round   the    sun  in  an  orbit  Whin  Julius  Caesar,  and  his  adviser 

rcular,  her  places,  at  intervals  Sosigenes,  determined  that  in  the  Roman 

six  months,  will  be  distant  from  calendar  every  fourth  vear  should  be  bis- 

er  by  the  whole  diameter  of  the  sextile,  they  seem  to  nave  supposed  the 

fthen  we  suppose  lines  drawn  year  to  have  been  composed  of  exactly 

I  places  diametrically  opposite  to  365  days,  6  hours.  Yet  Hipparchus  had 

est  fixed  star,  these  two  lines  proved,  a  century  before,  tnat  this  value 

an  angle  (called  the  annual  pa-  was  about  five  minutes  too  great ;  and 

rhich  must  be  appreciable,  unless  even  his  determination  was  considerably 

nee  of  the  star  is  so  great,  that,  in  excess,  as  the  real  length  was  not  more 

d  with  it,  the  diameter  of  the  than  365  days  5  hours,  48  minutes,  45 

rbit  is  insensible.    But  this  dia-  seconds ;  and  consequently  the  excess 

in  itself  of  such  immense  len£:th,  of  the  Julian  above  the  tropical  year 

ordingtoTycho,  the  supposition  amounted  to  more  than  II  minutes.  At 

itioncd  would  be  preposterous ;  the  end  of  a  century  the  difference  had 

;  is  established  by  ol)servation  accumulated  to  more  than   18  hours, 

varallaxofthe  orbit  is  insensible,  and  at  the  end  of  fifteen  centuries  to 

conclude  that  the  earth  does  nearly  11  days,  by  which  the  sea<;ons 

e  rr)und  the  sun.    This  is  the  had  moved  from  the  places  in  which 

cious  of  all  the  arguments  urged  they  were  originally  fixed.    Thus  the 

the   Coi)cmie(in  sy&tem.     We  vernal  equinox,  which  at  the  institution 

iw  incontestable  proofs  of  the  of  the  calendar  by  Julius  Cssar,  fell  on 

notion,  and  we  know,  astonish-  the  21st  of  March,  had  retrograde  to  the 

he  fact  may  appear,  that  the  1 0th :  and  if  no  steps  had  been  taken  to 

of  file  fixed  stars  is  infinitely  correct  this,  in  the  course  of  time,  spring 

len  compared,  not  merely  with  would  have  commenced  in  December, 

leter  of  the  earth  itself,  but  even  summer  in  March,  autumn  in  June,  and 

t  of  its  orbit.    But  it  is  not  sur-  winter  in    September.     Tn  process  of 

hat  in  earlier  at;es  men  should  time,  the  equinox,  having  passed  suc- 

n  reluctant  to  admit  such  a  con^  cessively  through  all  the  intermediate 

however  as  there  is  no  absurdity  months,  would  have  returned'  again  to 

y  were  not  justified  on  this  single  that  of  March.    But  before  this   took 

m  rejecting  a  system  so  simple  place   a    great  many  centuries  would 

.utiful  as  that  of   Copernicus,  have  elapsed ;  and  even  supposing  the 

trah6  has  urged  another  argu-  derangement  to  have  been  much  more 

genious  enough  though  founded  rapid,  it  may  l)e  questioned  whether  it 

stake  in  fiicts.  The  imperfection  would  have  caused  any  practical  incon- 

istrumcnts  and  methods  of  ob-  venience.    The  ancient  £e}'ptians  knew 

ns  used  in  those  times,  led  him  that  the  solar  year  comprised  about  .36.0 

be  a  sensible,    though    small,  days  and  a  quarter,  yet  they  made  tlicir 

t  diameter  to  some  of  the  fixed  civil  year  of  3G5  days  only ;  the  conse- 

f  then,  he  argued,  the  fixed  stars  quence  of  which  was  that  each  month 

iistant  as  Copernicus  supposes,  corresponded  in  succession  to  ditfcront 

to  subtend  a  visible  ani;ie,  the  seasons,  a  complete   restitution    being 

rs,  even  of  stars  of  the  third  effected  in  at)out  1461  years.    It  is  pn)- 

idc,  must  be  greater  than  that  of  bable  that  the  principal  motive  which 

lal  orbit.    This  reason,  even  if  induced  many  well-informed  men  in  the 

ulJ  not  be  conclusive ;  as  we  are  sixteenth  century  to  urge  a  reformation 

ute  ignorance  of  the  real  mag-  of  the  calendar,  was  a  desire  to  fix  in  a 

of  the  fixed  stars ;  nor  can  we  more  correct  way  the  day  on  which  the 

3n  us  to  affirm  that  they  may  festival  of  Easter  ought  to  h^  ccleht^l^^. 

nd  even  beyond  the  limits  here  This  celebration  ViA.Tav^>DAcxi  i^TiTkRKX^ 

ed:  but  the  fact  ih  that,  seen  in  with  tbA  .e^uvnox  Vy^  ^  ^RSt^  ^  ^^ 


48                               HISTORY  OF  ASTRONOMY. 

council  of  Nice,  it  became  of  import  all  the  accuracy  ofwhich  it  is  miteeptible, 
tance  to  the  Church,  to  fix  definitively  it  would  be  necessary,  at  the  end  of  4000 
the  place  of  the  eo[uinox  in  the  calendar,  years,  to  render  the  secular  jrearcommoa 
A  proof  that  religious  and  not  civil  con-  instead  of  bissextile :  that  is  to  say,  in 
siderations  led  to  the  reform  may  be  this  interval  to  intercalate  only  969 
found  in  the  extent  of  the  changes  instead  of  970  times^ 
efiected.  It  may  be  said  that  a  certain  It  is  a  singular  fact,  that  the  Persians 
degree  of  inconvenience  would  result  to  have  been  for  several  centuries  in  pos- 
the  public,  from  having  a  moveable  session  of  a  .calendar  constructed  on 
instead  of  a  fixed  year ;  and  though,  in  much  more  scientific  principles,  than 
the  Julian  system,  the  anticipation  of  Europe,  with  her  superior  knowled^, can 
the  seasons  is  so  slow  that  the  inconveni-  boast  of.  It  has  been  stated  by  La  Place, 
ence  must  be  nearly  inappreciable ;  yet  Montucla,  and  Bailly,  that  the  Persian 
there  could  have  been  no  objection  to  intercalation  consisted  in  inserting:  eight 
fixing  permanently  the  different  seasons,  days  in  thirty- three  years.  This,  if  true, 
as  it  might  have  been  effected  without  would  at  once  be  a  much  more  accurate 
difficulty  by  adopting  a  different  inter-  and  simple  method  than  the  Gregorian ; 
calation  for  the  future.  But  on  the  but  the  fact  is,  that  the  Persians  corn- 
other  hand,  the  time  at  which  the  year  bine  two  periods,  each  of  considerable 
shall  be  made  to  begin  is  entirely  arbi-  accuracy,  the  one  erring  a  little  inex- 
trary,  and  in  practice  a  matter  of  perfect  cess,  the  other  in  defectt.  The  first 
indifference.  In  the  age  of  Caesar,  the  period  is  one  of  twenty-nine  years,  in 
year  began  a  few  days  after  the  winter  which  they  intercalate  seven  days :  this 
solstice,  and  the  vernal  equinox  fell  on  is  followed  by  four  successive  periods  of 
the  21st  of  March.  In  the  age  of  Pope  thirty-three  years,  in  each  of  which  they 
Gregory  XIII.,  this  equinox  fell  on  the  intercalate  eight  times:  formiui^awhole 
1 0th :  here  it  might  have  been  fixed  for  period  of  1 6 1  years,  which  nicludes  thirty- 
the  future  without  any  inconvenience ;  nine  intercalary  days.  To  show  the  ex- 
but  the  Pope  and  his  astronomers  took  treme  accuracy  of  this  method,  it  is  only 
the  very  unnecessary  step  of  suppressing  necessary  to  remark,  that  it  supposes 
altogether  eleven  days  in  the  year  1582,  the  length  of  the  year  to  be  365*^  5^48" 
in  order  to  bring  the  equinox  to  the  21st.  49'  1875,  the  real  length  being  365^5^ 
This  uncalled  for  measure  had  the  incon-  48*°  4 9*.7,  the  difference  is  less  than  a 
venience  of  introducing  into  Euroj^e  two  second ;  while  in  the  Gregorian  calendar 
styles,  or  modes  of  reckoning  dates,  as  it  amounts  to  more  than  twenty- one 
the  new  calendar  was  for  a  long  time  seconds.  The  first  year  of  the  Persian 
nyected  by  the  Protestant  states  of  asra  began  with  the  vernal  equinox 
Europe,  and  to  this  day  has  not  been  (a.d.  1070);  the  astronomers  of  that 
received  in  the  empire  of  Russia.  In  country  have  very  wisely  avoided  sub- 
Ihe  north  of  Germany  it  was  not  ad-  jecting  themselves  to  the  unnecessary 
mitted  till  the  year  1699,  nor  in  England  and  embarrassing  condition,  that  the 
till  1751 ;  169  years  after  its  publication  equinox  should  always  coincide  with  the 
by  Gregory  at  Rome.  first  day  of  the  year.  However  in  their 
The  equinox  being  once  brought  to  the  system  it  never  can  be  far  from  it, 
2 1  st  of  March,  the  object  of  those  who  ef-  while  in  the  Grecorian,  the  real  equinox 
IVcted  the  reform  was  lo  keep  it  as  nearly  which  ought  to  fall  on  the  2 1st  of  March 
as  possible  to  that  day  by  a  proper  system  may  sometimes  fall  on  the  1  yth.    There 

of  intercalation,  and  to  ett'ect  this  the 

Julian   calendar  w^s    modified  in  the  «  ,„  ordi^r  to  judire  of  the  accracy  of  the 

following  manner.   It  was  arranged  that,  Gregorian  intercalation,  we  muft  reconect  tut 

for  the  future,  in  the  vear  concluding  *^^  '^"^^^  ?^  '!',^  !;°«|'"1  y'^V,  **  :«a.24224H 

.                 1  •  i_  •            14-       At  ^  dovK :  resolvine  tlie  decimal  port  into  converxiJiK 

<>very     centur>'.     which      ought     in    the  fraction.,  we  get,  .ucces^lvely- 

Julian  system  to  be  bissextile,  the  inter-  I    L    1     ^    (JL\     f~^     ^i?5^ 

calary  day  should  be  suppressed;   but  4*   at)*    33'    Kii'    MuJ'    \3^:J'     vm6/' 

that  this    should    only  be  done  for  each  Tt^c  Gregorian  calendar  intercalates  97  day^  la 

three  successive  centuries,  and  not  in  '^^'^  y""  *  **"*  ^'"*^*'°"  V'o  **"'*  ""'  "pp^ 

the  fourth       Thus  the  vears  1700    Ifton  "mong  the   convergent.,  and    conBequently  the 

uic  lounn.      lllUS  uil  years  l/UU,  itSVV,  calculation  i.  not  as  accurate  an  it  mieht  be:  » 

1900,    are    not    bissextile,  but   the   year  suppose*  the  length  of  the  vear  equnl  to  iUiod.  34:?i, 

1!000  is  so  :    airain,   in  2100,  2200.  2300.  ®^  ^^^  ^''*'  ^^  O.W»02;>8fi.  that  Ih,  rathtr  more  than 

^1        .    .          1*1                                     i    y     I  twenty-one  secondi:   this  excesa  in  40U0   yeari 

the   intercalary   day    is    suppressed,  but  would  amount  to  utile  more  than  a  day. 

re>established  in  2400.    La  Place  has  +  '^^^*  '^^  fi"'  "f>»«**  known  in  a  note  fro« 

Temarked.  that  to  give  this  intercalation  LZTioLKpT^*'  """^  '°  ""  *"""•  "- 
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ean  then  be  little  doabt  that  the  Penian  gether  fanciful,  and  indeed  incompatible 

aystem  is  the  most  elegant  and  scientific  with  the  yeiy  laws  discovered  subse- 

Of  any  that  has  hitherto  been  used :  the  (jnently  by  Kepler  himself,  but  they  are 

principal  objection  to  it  is  that  the  inter*  interesting,  as   these  speculations,  ap- 

ealations  cannot  foUow  a  law  so  simple  parently  so  chimerical,  led  to  one  of  the 

as  those  in  the  Gregorian  Calendar;  on  most  brilliant  discoveries  ever  made  in 

the  other  hand  it  surpasses  this  latter  m  astronomical  science.    It  does  credit  to 

accuracy ;  as  it  does  that  adopted  during  the  sag^ty  of  Tycho,  himself  eminently 

the  revolution  m  France,  by  being  freed  a  practical  man,  and  little  dispel  to 

from    the  extreme  complication,  con*  admire  such  subtleties,  that  he  seems  to 

sequent  on  making  the  l)^nning  of  the  have  perceived  at  once  all  the  foroe  of 

year  invariably  coincide  with  the  equi-  the  genius  thus  misdirected ;  and  did 

nox*.  not  rest  till  he  succeeded  in  fixing  the 

"When  Tycho  6rah6  retired  in  disgust  young    author  near  his  own  person, 

from  his  native  country  to  Bohemia,  a  indeed  the  protection  he  extended  to 

ibrtunate  chance  caused  him  to  fall  in  Kepler  is  the  more  remarkable,  as  the 

with  a  young  man  of  a  genius  the  most  latter  had  l>een  from  his  youth  an  ardent 

opposite  to  his  own,  but  fdso  perhaps,  on  partisan  of  the  Copemican  theory,  which 

tmt  very  account,  the  best   qualified  to  Tycho    pertinaciously,   though  vainly^ 

deduce   novel    and    important  '.truths  endeavoured  to  supplant  His  obstinacy 

from  the  observations  he  had  been  so  on  this  point  was  carried  so  far,  that  he 

lonii:  accumulating.    Keplerf,  at  a  very  is  said  to  have  requested  of  Kepler  on 

early  age,  had  distinguished  himself  by  his  death  bed,  whatever  might  be  his 

a  woric  on  the  distances  of  the  planets  real  sentiments,  to  adopt  in  his  published 

from  the  sun,  full,  it  must  be  confessed,  works   the  Tychonian  system  of  the 

of  fanciful  and  erroneous  views,  but  still,  world.    It  was  not  to  be  expected  that 

in  the  opinion  of  Tycho,  bearing  the  such  an  injunction  should  be  complied 

stamp  of  genius.    Tlie  objects  of  this  with ;  and  the  person  to  whom  the  d^ing 

mgular  treatise,  called  the  Mysterium  astronomer  addressed  this  extraordinary 

Cosmographicum,  was  to  point  out  a  request,  was  of  all  men  least  likely  to 

iQpposed  relation  between  the  ma^i-  sacrifice  truth  and  reason  at  the  shrine 

tildes  of  the  orbits  of  the  five  principal  of  authority. 

planets,  and  the  five  regular  solids  of  It  had  l>een  universally  admitted,  from 

nometry.    His  theory  with  regard  to  Aristotle  down  to  Copernicus  ud  Tycho, 

uiese  was  the  following: — "  Round  the  that  the  orbits  of  the  planets  were  cir- 

oibit  of  the  earth  circumscribe  a  dode-  cular,  or  rather  formed  by  a  combina^ 

cabedron, — the  circle  comprising  it  will  tion  of  circles,  and  a  vanety  of  wcnk 

be  that  of  Mars.    Round  Mars  circum*  and  vague  reasons  were  adduced  to  ao- 

ieril>e  a  tetrahedron,  the  circle  compris-  count  for   the  supposed   fact.    How* 

Bg  it  will  be  that  of  Jupiter.    Round  ever,  the  hypothesis  was  natural,  and 

lapiter  circumscribe  a  cube — the  circle  its  deviations  from  the  truth  were  not 

Domprisingit  will  be  that  of  Saturn:  now  much  greater  than  the  errors  of  the 

within  the  earth  inscribe  an  icosahedron,  ancient   observations :    its   inadequacy 

—the  inscribed  circle  will  be  that  of  could  not  be  detected,  till  a  mass  of 

Venus :  in  Venus  inscribe  an  octahedron  more  accurate  observations  had  been 

-^he  circle  inscribed  in  it  will  be  that  of  collected,  and  then  submitted  to  discus- 

Ifercuryt.**    It  is  scarcely  necessary  to  sion  by  a  philosopher  of  quick  concep- 

Dbserve  that  these  proportions  are  aJto-  tion  and  unfettered  judgment.    These 

---— ; — ; : conditions  were  eminently  satisfied  in 

•  Tbe  two  frtuon.  A«^A "•  V^T.T  ^epter.  and  the  observations  of  Tycho 

pnodnittteTalaMofthe  part  ofa  day.  by  which  the     „,Z,i;^  u;^    «.uu    ^u  """'""'    ,  J^\", 
Mr  exceed!  a«5.    The  former  of  these  It  a  UtUe     Supplied  him    With    the    most    valuable 
Im  unall,  the  latter  rather  too  larM|  If  then  we     data.  It  Was  then  found  that  the  planets 

7^'i:^S:;^tt^^X^^n'^tXSi    ^PPO^d  by  Copermcu.  to  revolve  round 

ptmmu  each  other}  however,  aa  ^  Ilea  nearer  to  the^  SUn    in  Circles,  moVe  in  ellipses,  of 

§m  rtal  TaJue  of  the  year  than  j^,  the  former  which  that  hodj  OCCUpies  one  of  the  foci ; 

period  muiit  occur  oftener  than  the  latter  to  make  and  their  motion    is  SUCh,   that  Straicrht 

llM  compemation  exact.    We  have  ecen  in  the  u«^   hniiMr   Hrawn   fr«m    ih^  frk^.i.    ;^ 

mt.  that  one  of  the  perioda  ».  waa  followed  hy    ™«  Deing  drawn  from  the  focus  in 

7  4x8      »*    Vi«ation  to  any  two  points  of  the  orbit, 
tear  of  ^  making  on  the  whole ^^^^^^=  —    the  area  thus  intercepted  is  proportional 

Ice  the  note  to  page  48.  to  the  time  employed  \yj  \.Vv^  ^'axi^YDk 

liii^?iSitobI«  iS \«D "'^^"^ ^^^   ""•    F^*»>^  ^^  ^^  Q^  ^^^  ^^^'^  ^^  ^'^'^ 
t  Uni,ComognLph.'p.2(KFrMBkfOit,mi.  OtbCT      To  thjMft'VnO  HIOVX.  \sskV»\»sX 
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theoremR  a  third  wat  subsequently  ad^  of  the  mean  radiaa  of  the  cdiptio.  wu 
(led,  that  the  squares  of  the  times  of  re-  one  of  the  heavenly  bodies,  whose  mo- 
volution  of  two  planets  are  to  each  other  tion  and  distances  were  most  difficult 
as  the  cubes  of  the  greater  axes  of  their  of  conciliation.  Tycho  had  already  re- 
respective  ellipses.  These  are  the  three  marked  that  the  annual  orbit  of  Cope^ 
laws  which  have  immortaliied  the  name  nicus,  or  the  epioyole  of  Ptoleinv,  was 
of  Kepler,  and  effected  a  revolution  in  not  always  of  the  same  magnituoe  with 
astronomy.  Beautiful  and  important  as  regard  to  the  excentric ;  but  that  it  pro- 
they  are  in  themselves,  it  is  impossible  diluted  a  sensible  alteration  in  the  three 
to  appreciate  their  full  value,  without  a  superior  fdanets,  and  that  for  Mars,  the 
knowledge  of  the  sublime  theory  found-  difference  amounted  to  l^  45',  This, 
ed  on  them  by  Newton  ;  nor  can  we  ap-  however,  is  exaggerated,  as  the  difle- 
preciate,  as  we  ought,  the  genius  of  their  rence  in  question  does  not  exceed  3b': 
inventor,  if  we  forget  the  immense  but  the  statement  of  Tycho,  rombimd 
strength  of  the  prejudices  that  he  dared  with  other  observations,  led  Kepler  to 
to  break  through.  Perhaps  his  contem-  the  first  step  in  the  progress  of  hisdis- 
poraries  alone  could  properly  estimate  coveries.  We  have  seen  that  Ptokmj 
the  courage  required  to  discard  the  oir-  had  been  induced  to  bisect  the  cxcentri- 
cular  motions,  which  even  that  great  re-  city  of  the  orbits  of  the  planets,  by 
former,  Copernicus,  considered  solely  ad-  placing  the  centre  of  equal  motkm  as 
missible  in  the  heavens ;  and  to  intro-  far  from  the  centre  of  equal  distanees 
duce  squares  and  cubes  into  the  propor.  in  one  direction,  as  the  earth  was  from 
tions  of  revolution  and  distance :  but  it  in  that  opposite,  Kepler,  who,  folkrar- 
they  could  not  foresee  the  results  to  ing  Copernicus,  considered  the  earth  it- 
which  these  discoveries  have  led ;  and  it  self  as  a  planet,  was  led  to  extend  Uut 
may  safely  be  affirmed  that  it  is  only  system  to  the  terrestrial  orbit,  and  hf 
since  the  publication  of  the  Principia,  this  he  was  enabled  to  represent  lietter 
that  they  have  met  with  their  deserved  than  had  hitherto  been  done,  what  m^ 
tribute  of  admiration.  It  is  remarkable  be  called  the  optical  part  of  these  iacoinr 
enough,  that,  whether  from  this  cause,  or  lities :  that  is  to  tay,  the  part  dtpsnong 
from  the  fanciful  speculations  with  which  on  the  motion  being  seen  firom  a  noiu 
truth  in  Kepler's  works  is  so  often  not  coincident  with  the  centre  01  the 
accompanied    and   obscured,  his  dis-  circular  orbit. 

tinguished  contemporary  Galileo  does        The  next  step  was  to  npnsent  tht 
not  seem  to  have  perceived  the  import-  real  inequality  of  the  planet's  motion 
ance  of  the  three  famous  laws  ;  though  more  accurately  than  had  hilheiio  been 
his  own  knowledge  qualified  him  better  done  by  epicycles  and  excentrics.  Kepkr 
than  any  one  to  appreciate  them  justly,  began  by  supposing  the  times  oooupisd 
and  they  would  have  furnished  him  with  by  the  earth  in  equal  parts  of  the  ex- 
some  strong  arguments  in  favour  of  the  centric  to  be  to  each  other  in  the  pro* 
Copernican  system.  portion  of  the  distances  of  those  puts ; 
The  way  in  which  Kepler  was  led  to  and  hence  that  the  periodic  tioie  wu  to 
these  great  discoveries  is  one  of  the  most  the  sum  of  these  distances  aa  any  gino  J 
interesting  objects  of  study  in  the  whole  time  to  the  sum  of  the  distances  to  the 
range  of  physical  science.     Supposing  corresponding  arc*.    This  principle  ii 
the  planetary  orbits  circular,  it  is  gene-  only  approximately  true,  and  tht  calca- 
rally  possible,  by  a  proper  combination  lation  of  the  sum  of  the  distances  wasis- 
of  epicycles,  to  represent  the  various  in-  volved  in  much  difficulty.    While  medi' 
equalities  of  their  motions ;  but  it  is  ex-  tating  on  the  best  method  of  surmount- 
tremely  difficult,  in  this  hypothesis,  to  ing  these,  Kepler  was  led  to  substitute, 
satisfy,  at  once,  the  variations  of  velo-  for  the  sum  of  the  distances,  the  artO 
city  and  those  of  distance.    Thus  we  comprised  between  two  positions  of  thi 
have  seen  that  Rolemy,  in  representing  radius  vector;  and  he  thus  aimed  tt 
the  evection  of  the  moon,  was  led  to  a  the  first  of  his  great  laws,  that  the  it- 
theory  which  would  give  the  variations  dius  vector  of  a  planet  describes  antf 
of  distance  considerably  greater  than  proportional  to  the  times.    The  reasoe- 
they  really  are  ;  a  fact  which  he  seems  to  fng  by  which  he  was  led  to  this  subiti- 

have  overlooked,  but  which  could  not 

long  escape  the  notice  of  astronomers.       •  DeMousteii«  Martis.  p.  iss.   Kepkrvn 

Mure    whn«P   atmarpnt   diumptpr  varip«  led  to  thU  hypolheiU  f rom  ob«tnrliif  il«i  the  to* 

ars,  w  nose  appareni  aiameier  varies  j^^  question  might  be  deduMd  ••  a  cooMOdmet  rf 

from  4"  to  18'',  and  whose  extreme  dlS-  the  Ptolemaic thvory  when  theptanctWHa«riv 

fances  ftom  the  earth  are  i  and 'i^  V«^  »vo«w  or  perigee,  v.  op.Gii.p.isa. 
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ha  MTM  for  the  areas  is  ouii- 
ti :  let  AB  be  the  line  oC  the 


.  the  sun  ;  B  the  centre  of  the 
3D ;  let  the  semicircle  CD  be 
0  any  number  of  eaual  parts 
..  join  BG,  BH,-^  AG,  AH  :.... 
f  the  sectors  CBG.GBH...  will 
ind  their  sum  forms  the  area 
icircle,  as  the  sum  of  the  arcs 
semicircumference ;  the  total 
hen  be  to  the  partial  area  as 
re  to  the  partial  arc  We  may 
itute  the  areas  for  the  arcs  in 
which  represent  the  decrees  of 
anomaly.  But,  argues  Kepler, 
'.  surface,  which  is  the  sum  of 
lal radii  BC,  BG,  BH,  is  also 
f  the  distances  AC»  AG,  AH, 
fore  the  sum  of  these  may  be 
d  for  those  of  the  circular  radii, 
u'eas  proportional  to  them* 
len,  the  area  C£D  is  to  the 
lescribing  180^,  as  any  area 
the  time  of  describing  CH*. 
ist  have  been  aware  that  the 

he  has  followed  was  alto- 
isatisfactoiy,  though  the  the- 
hich  he  arrived  was  accurate, 

small  exceptions,  which  he 
elf  remarkeif ;  the  first,  that 

of  the  ,'planet  is  not,  as  here 
,  circular  ;  the  second,  that  the 
the  orbit  is  that  in  which  tlus 
nalitv  of  the  areas  takes  place, 
he  plane  of  the  ecliptic.  This 
je  of  error  would,  however,  be 
11  in  the  case  of  Mars,  as  the 
n  of  the  two  planes  just  men* 
only  r  51'  C't. 
had  already  determined,  with 

;.  8UU«  M  ftrtlt.  p.  193. 
Igurc  ftbof e  giren,  the  area  CAB  will 
« time,  or  wbut  MtroDonutrt  caU  ike 
alyj  the  area  CBH  will  mcatnre  tbe 
Domaly )  and  tfa«  area  BHA  will  repre- 
of  thsfonaer  Mtfors  tbt  latter. 


sufficient  aocuraoy,  the  mean  distanoe* 
the  excentrioity,  and  the  longitude  of  the 
apogee  of  Mars ;  on  calculating,  then, 
from  these  data,  and  from  the  law  of  the 
areas  which  he  had  found  for  the  earth* 
the  place  of  the  planet,  he  was  surprised 
to  find  it  differ  from  the  place  g^ven  by 
observation  .  by  about  eight  minuteti 
The  accuracy  of  the  observations  of 
Tycho  with  which  this  comparison  was 
made  was  such  as  to  leave  no  doubt  that 
the  error  lay  on  the  side  of  the  theory* 
and  Kepler  seems  now  to  have  suspect- 
ed, for  the  first  time,  that  the  orbit  was 
not  circular*.  This  supposition  wai 
soon  verified,  for  on  calculating  three 
places,  one  about  the  aphelion,  the  others 
near  the  mean  distances,  they  were  all 
found  too  great ;  the  first  by  350,  the 
two  latter  by  783  and  769  partst.  It 
was  evident  then,  that  the  orbit  was 
not  circular  but  oval ;  and  the  author 
expressly  remarks,  that  when  he  uses 
the  term  oval,  he  does  not  mean  ellipti- 
cal in  the  proper  sense  of  the  word,  but 
resembling  an  egg  in  form,  by  having  a 
greater  curvature  at  one  end  of  the  axis 
major  than  the  other.  This,  indeed,  the 
observations  seemed  to  indicate ;  the  di- 
minution of  the  mean  disUnces  proved 
the  curve  to  be  flattened  in  the  middle, 
and  tliat  of  the  aphelion  distance  seemed 
to  indicate  a  similar  flattening,  though 
in  a  less  degree,  towards  tlie  point$. 

The  extreme  candour  vnth  whioh 
Kepler  details  the  steps  by  whioh  he 
was  led  to  his  discoveries,  and  the 
errors  into  which  he  fell  before  ar- 
riving  at  the  truth,  render  his  work 
on  the  motions  of  Mars  eminently  in- 
teresting and  instructive.  It  were  to  be 
wished  that,  in  this  respect,  his  example 
had  been  followed  by  some  of  the  great 
philosophers  who  succeeded  him.  He 
confesses  that  for  a  long  time  he  re- 
mained in  the  conviction  that  the  oibit 
of  Mars  was  really  oval,  and  not  ellip- 
tical ;  and  he  has  detailed  various  at- 
tempts to  deduce  its  positions  in  this 
hypothesis.  But  the  calculations  in- 
volved considerable  difficulties,  and 
though  for  some  time  Kepler  flattered 

•  The  elllpetof  Mara  befog  mnch  more  eveea* 
trie  tkan  that  of  tbe  earth,  the  error  of  tlio  eireit- 
lar  orbit,  which  was  inappreciable  in  the  latter,  be- 
came wotible  in  the  former.  ,«4U»*^ 

t  The  meaii  radius  of  the  orbit  betof  lOOOM. 
V.  Op.  Cit.  p.  213.  ^    ,^       . 

t  file  notion  of   an  ofal  was  not  altogether 
new ;  It  had  been  thrown  oat  by  Pnrbach  in  the 
ease  of  Mercory,  whose  path  he  consldet^va^^ 
oYsi.  and  more  ftaiui>«d  a\  V^  wm^%  gU^? 
perigee.    V.Puib%ck»TbiMrf^wttx^\a  iaii««a^«K 
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himself  that  he  had  fucceeded  in  repre- 
sentinel  pretty  accurately  the  motions 
of  Mars,  he  was  not  lon^  in  finding:  that 
his  attempts  had  in  reality  completely 
failed.  The  terms  in  which  he  an« 
nounces  this  discovery  are  a  carious 
sample  of  his  ver^  peculiar  and  amusing 
style.  "  While  in  this  way  I  triumph 
oyer  the  motions  of  Mars,  and  form  for 
him,  as  one  completely  conquered,  the 
prison  of  tables,  and  the  chains  of  the 
aquations  of  the  excentric,  intelligence 
is  brought  me  from  different  places  that 
the  yictoiy  is  all  yain,  and  the  war  as 
fierce  as  eyer.  For  the  captiye  enemy 
has  broken  through  all  the  bonds  of  tKe 
equations,  and  the  dungeons  of  the 
tables ....  And  the  fugitive  would  have 
effected  his  junction  with  the  rebels,  and 
driven  me  to  despair,  had  I  not  suddenly 
brou8;ht  up  a  new  reserve  of  physical 
considerations,  the  first  having  been 
beaten  and  scattered*.**  These  new  phy- 
lical  considerations  consisted  in  attnbut- 
ing  to  the  planet  a  libration  in  the  dia- 
meter of  its  epic3^cle;  a  supposition 
which,  in  reality,  coincided  with  that  of 
an  elliptic  orbit,  though  at  first  he  did 
not  perceive  the  identity  of  the  two  hy- 
Dotheses.  Indeed  he  himself  compares 
Nature  to  the  Galatea  of  Virgil,  who,  the 
nearer  she  is  approached,  is  the  more 
petulant  in  her  sportive  attempts  to 
escape ;  and  while  she  invites  the  phi- 
losopher to  seize  her,  seems  to  enjoy  his 
errors  and  fruitless  effortsf .  But  at  last 
perceiving  clearly  the  real  nature  of  the 
curve  described,  he  announced,  for- 
mally, that  it  was  an  ellipse.  Thus  was 
finally  overthrown  the  prejudice  regard- 
ing circular  motions,  which  had  hitherto 
retarded  the  progress  of  astronomy,  and 
the  way  opened  to  the  great  physical  dis- 
coveries of  Newton,  and  his  successors. 
It  is  worth  while  to  remark  that  Kep- 
ler was,  in  a  great  measure,  led  to  the 
discoveiy  of  the  ellipse  by  his  perse- 
verance in  attempting  to  represent  as 
well  the  variations  of  distance  as  those 
of  longitude  and  latitude ;  the  former 
of  which  had  been  much  neglected  by 
Ptolemy,  and  subsequent  astronomers. 
The  discovery  was  ultimately  and  imme- 
diately due  to  a  singular  accident.  The 
error  of  his  calculated  distance  at  the 
mean  point  of  the  orbit  was  .00429,  the 
radius  beins:  equal  to  unity.  Happening 
to  consider  the  greatest  optical  inequa- 


•  De  Mot.  Stellae  Martin,  p.  946. 

t  V.  de  Stell.  Mart.,  p.  2t». 

Afalo  me  Galatea  petit, \aacWa  pueUa, 

£t  fugit  ad  laUcet,  «t »«  cupV\  ante  7\dex\.— 


Kty  of  Mars,  which  was  5^  18',  he  found 
.00429  to  be  exactly  the  exoesi  of  the 
secant  of  this  angle  above  the  radios*. 


In  the  figare  let  A  a  be  the  line  of  the 
apsides,  C  the  centre  of  the  ezeentrie, 
S  the  place  of  the  sun,  CE  perpendicolir 
to  A  a,  the  angle  CES  will  be  tbe  greateit 
optical  ineqimlity.  The  exoen  of  tbt 
calculated  over  the  real  distance  wu 
that  of  SE  over  CE,  or  of  the  sseant 
of  CES  over  the  radius.  This  singte 
accidental  remark  induced  K^^  ^ 
substitute  everywhere  for  anyoistioee 
8F,  FV  found  by  drawing  SV  perpendi- 
cular on  FC  produced,  smee  deaily  tbe 
excess  of  SF  above  FV,  will  be  that  of 
the  secant  of  optical  equation  alxnre  the 
radius.  The  next  point  was  to  know  in 
what  direction  from  S  the  tine  equal  to 
FV  should  be  drawn ;  and,  finally,  after 
many  trials,  he  found  that  it  should  be 
taken  so  as  to  meet  FM  perpendicular 
to  A  a,  as  at  Q,  and  he  had  the  gratifi- 
cation to  find  that  the  curve  traced  by 
the  several  points  Q  was  an  eUipse. 

The  thurd  great  law  of  Kepler,  tliat 
the  squares  of  the  periodic  times  are  tf 
the  cubes  of  the  mean  distances,  wss 
first  enounced  by  him  in  the  EpitoDe 
of  the  Copemican  Astronomy  f .  in  tin 
20th  chapter  of  the  Mysterium  Coi- 
mographicum,  he  had  attempted  to  in- 
vestigate, from  physical  consideratioiu» 
the  proportion  that  existed  between  the 
distances  and  the  periodic  times;  tx 
of  the  existence  of  some  law  he  msde 
no  doubt ;  and  he  quotes  Aristotle  is 
support  of  his  opinion  $.  .  The  idea  of  tlie 
latter  on  this  point  was,  that  an  eqot- 
lity  of  motion  resided  in  the  moviiV 
bodies  themselves,  the  inequality  of 
their  returns  to  the  same  place  depeodcil 
on  the  orbits :  thus,  that  the  velocity  of 
Saturn  in  its  orbit  was  the  same  as  thit 

•t.vn,  \ub.iT.c4. 
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of  the  moon,  but  the  orbit  beiDfi:  so  It  hax  been  a  matter  of  just  sur- 
much  larger,  it  was  much  lonn^er  in  re-  prise,  that  a  man  of  such  acute  con- 
turning  to  the  same  point  of  the  hea-  ceptions  should  have  suffered  the  ana- 
yens.  Kepler,  perceiving  the  inaccuracy  logy  between  the  planetary  and  come- 
of  this  pnnciple,  began  to  investigate  tary  orbits  to  escape  him:  and  even 
the  subject  in  a  different  manner.  He  opposed  the  system  of  Tycho,  who 
supposed  the  sun  to  be  a  centre  of  had  supposed  the  latter  to  move  nearly 
attractive  force,  which  diminished  as  in  a  circle  round  the  earth.  Kepler, 
the  distance  from  that  body  increased :    misled  by  false  ideas  with  regard  to  the 

again,  the  magnitude  of  the  orbit  in-  physical  constitution  of    these   bodies, 

creased  as  the  distance :  from  these  two  which  he  considered    to   be  of   very 

causes  combined,  he  concluded,  that  transitory  natiure  and  short  duration, 

the  periodic  time  varied  inversely  as  the  attempted  to  calculate  their  orbits  on 

square  of  the    distances.    But  in  the  the  supposition  of  their  l)eing  rectilinear; 

Epitome  he  modified  his  theory,  by  in-  and  in  favour  of  this  last  assertion,  he 

troducmg  the  consideration  of  the  mass  urged  a  reason  which  turned  out  to  be 

and  of  the  volume  of  the  planet.  His  rea-  singularly    inapplicable, — namely,  that 

soning  on  this  head  is  very  curious,'*There  these  bodies  never  returned :  it  so  hap- 

are  four  causes  on  which  the  length  of  pened,  that  the  very  comet  whose  orbit 

the    periodic  time    depends: — 1,    the  he  was  considering,  was  the  famoui 

length  of  the  path  described ;  2.  the  comet  of  Halley,  which  is  well  known 

mass  of  the  body  to  be  transported ;  to  have  visited  the  earth  repeatedly. 

3.  the  strength  of  the  moving  force ;        An  extraordinary  phenomenon,  which 

4.  the  volume  under  a  given  mass  of  the  had  occurred  in  tne  time  of  T^cho 
body  to  be  moved.**  According  to  Brah^,  was  renewed  in  that  of  Kepler. 
Kepler  there  is  an  exact  compensation  In  the  year  1604  there  appeared  sud- 
between  these  two  last  causes,  so  that  denly  in  the  constellation  of  Serpenta- 
the  orbit  in  reality  only  depends  upon  rius,  a  star  of  the  first  magnitude,  which, 
the  two  first.  Now,  he  conceived  that  after  having  lasted  upwards  of  a  year, 
he  had  established  a  law  showing  that  disappeared,  and  has  never  been  since 
the  masses  of  the  planets  varied  as  the  seen.  When  brightest,  it  surpassed  the 
square  roots  of  the  distances :  and  the  fixed  stars  of  the  first  magnitude,  and 
circular  paths  of  the  planets  were  cer-  was  even  compared  by  some  to  Venus : 
tainly  in  the  simple  proportion  of  these  the  intensity  of  its  light  diminished  gra- 
distances;  compounding,  then,  these  dually  to  its  extinction;  the  colour, 
two  ratios,  he  found  the  squares  of  the  which  was  at  first  yellow,  became  gra- 
periodic  times  to  vary  as  the  cubes  of  dually  purple,  and  then  red :  in  all 
the  distances.                                         -  these  respects,  and  particularly  in  having 

It  is  equally  extraordinary  and  dis-  no  sensible  parallax,  as  well  as  in  its 
couraging  to  know  that  reasoning  so  sudden  apparition  and  slow  extinction^ 
▼ague,  founded  on  arbitrary  and  erro-  it  presented  a  great  analogy  with  the 
neous  assumptions,  should  have  led  to  star  of  the  year  1572.    Of  the  causes  of 
one  of  the  most  bHlliant  discoveries  on  such  extraordinary  phenomena  we  re- 
record.    This  success  may  well  inspire  main  in  profound  ignorance,  nor  is  it 
ivith  dismay  those  who  are  accustomed  easy  to  decide  upon  the  relative  proba- 
te consider  experiment  and  rigorous  in-  bility  of  different  suppositions :  the  idea 
duction  as  the  only  means  to  interroeate  of  Kepler  was,  that  they  proceeded  from 
nature  with  success.    But  it  is  to  be  a  vast  combustion,  and  this  appears  to 
remarked,  that  Kepler  united  to  a  very  derive  some  corroboration  from  the  va 
lively  and  ardent  imagination  consider^  riations  in  the  colour, 
able  mathematical  knowledge,  and  great        "We  cannot  quit  Kepler  without  no- 
perseverance  in  calculation;    that  his  ticing  his  labours  to  improve  the  Theory 
hypotheses,   though  founded    on    the  of  Astronomical  Refractions.    We  have 
most  arbitrary  assumptions,  were  alwayi  seen  the  mistake  of  Tycho  Brahe  upon 
riicorously  compared  with  observation,  this  subject,  who,  with  a  right  notion  as 
and    rejected  without  hesitation  when  to  the  physical  causes  of  the  pheno- 
isund  to  contradict  it.    His  genius,  at  menon,  imagined  that  refraction  did  not 
once  fertile  and  persevering,  led  him  exist  beyond  45^  of  altitude.    Kepler 
nltimately,  with  great  labour  and  after  clearly  saw  that  it  must  reach  to  the 
■laiiY  unsuccessful   trials,  to  brilliant  xenith  ;  and  he  attempted  lo  d<itV«\Tci\Tw<^^ 
naulti :  but  the  route  which  he  fol-  from  expeT\mei\\,VY\e\aH«  ol  \V%^\TDasi>a^ 
lowed  is  not  likely  to  be  again  attemptid  tion  from  the  bQinuiik>xv"«cdA*  TtkA^Ml 
by  his  uuccesson. 
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at  which  he  arrived  gave  him  results  ap-  Dutch  instrumenti  befbre  conitractim; 

proximating  very  nearly  to  the  truth,  any  of  his  own,  but  this  assertion  is  not 

except  for   low    altitudes  *.      On    the  sumi^iently  established ;  and  there  teems 

causes  of   refraction    he  reasons  very  no  good  reason  to  doubt  the  account 

justly :  and  his  treatise  on  this  subject  given  by  the  philosopher  himself,  who 

contains  a  number  of  curious  and  im-  tells  us,  that  having  heard  of  the  effects 

portant  remarks,  of    which    we  shall  of  the  telescopes  made  in  Holland,  but 

only  quote  here  the    observation    that  knowing  nothing  of  thdr  eonstruetion, 

the  air  is  a  substance  possessing  weightt ;  he  was  led  to  meditate  upon  the  combi- 

that  the  refractions  will  vary  with  the  nation  of  glasses  required,  and  thus  io 

temperatures,  and  that  during  a  lunar  reality  re-invented  in  Italy,  and  nnques- 

eclipse,  the  moon*s  surfiiuse  is  still  illu-  tionably  in  a  more  perfect  form,  the 

minated  bv  a  certain  portion  of  ravs  instrument  to  which  some  Dutch  spe^ 

refracted    by  the    atmosphere  of    the  tacle-makers  had  been  led  by  aoeident. 

earth  {.  There  can  be  no  doubt  that  the  instni- 

p  ments  of  Galileo  were  very  much  so- 

Lhaptbr  XI,  perior  to  those  made  in  the  north:  and 

Gfalileo — Copemioan  System,  mdeed  there  is  some  reason  for  believing 

Thb  discoveries  of  the  celebrated  Ga-  *hat  thmr  were  constructed  on  prindjin 


Aoa»  rciu    importance,  they  wcic  ui   a  ^      .,   -  t.     ..         •    •!     *    au  » 

nature  to  be  more  generally  appreciated.  ^n«|n»  ^a  combination  .simuurto  that 

and  contributed  unquestionably  in  an  of  the  modern  asAronomicsl  tdwcope)  ; 

eminent  degree  to  the  overthrow  of  the  ^"»^«  *"®I?  A?  "o^.  Joubt  that  the  tde- 

Aristotelian  philosophy,  and   the    de-  »cope  of  Galileo,  like  our  opera  glatse^ 

flniiive    triumph    of   the    Copernican  'T"  ^°**"«^   ^7  •  J?u    ^?fl"'"L  • 

system  of  the  world.    In  judging  of  the  plano-concave  lens  (the    latter   benig 

character  of  Galileo,  it  is  fiir  to  recollect  2!*'^  *u  ^^  ^^'^  ^^f^  ^  a  dytanee 

that  his  astronomical  discoveries  form  from  each  other  equal  to  the^difcrenee 

but  a  small  part  of  his  claims  to  dis-  fj  <"«  focal  lengths  ♦.—The  ^nerof 

tinction;  but  as  it  is  with  these  alone  these  combinations reprwentt  olgecUm 

that  we  have  anything  to  do  in  this  »"  '"^.^I?!^  position,  which  is  not  the 

place,  we  must  Vefer  the  reader    for  case  with  the  latter :  some  acoonnti  re- 

a  complete  account    of   the     labours  P'^*^?^  ^^«  ^^y.^"*^.^!^!?fi?  " 

of    this   eminent    philosopher   to  the  mvertmg  the  objects  swnthfongti  them. 

Life  of  Galileo,  in  the  series  of  these  which  fact,  if  sufficiently  >«ll    eata- 

Tk-eatises.    At  an  early  period  of  hfe  Wished,  would  decide  he  queatum  as  to 

he  had  commenced  his  scientiBc  career  the  ongmahty  of  Galileo  ■  invention  t. 

by  some  important  mechanical  inven-  .  The  use  of  single  lenses,  mmagnity. 

tions,  and  held  the  mathematical  chair  r^^  ®^J^*s  p  aced  near  them,  had  b«n 

successively  in  two  of  the  most  distin-  J"®^?  ^^^  *  long  time.    Spectadei  had 

guished  universities  of  Italy-Pisa  and  }«t"  »"  "*«  /^  ^^  T^V"!!**  '**^'1? 

Padua.    It  appears,  that,  while  resident  f^  *^«  age  of  Galileo ;  but  the  mum^ 

at  the  latter  place,  he  heard  of  the  dis-  }"«  ^"t*"*  objects  b>' a  combination^ 

covery  made  in  Holland  of  an  instru-  lenses  seems  to  have  been  entirely  till 

ment   by  which  distant   objects  were  "»«""  of  accident.    It  is  m  vmm  that 

apparently  brouisht  nearer  to  the  eye.  fome  authors  have  attempted  to  trwsj 

Some  enemies  of  Galileo  have  pretended  !!»»»  invention  to  Baptista  P<>rta  and 

that  he  had  actually  seen  one  of  the  Roger  Bacon :  there  can  be  no  quesboa 

that  the  first  telescope  ever  made  wts 

CO  nut  nt  i«+r  Constructed  at  Middleburg,  in  Holland, 

•  The  law  of  Kepler  wm  r  s=  ~~''*"(^  f/p  by  an  optician,  who  having  acoideotally 

when r  is  the  refraction   and  z  the  lenlth  distance ;  regarded    a  distant  objeot   thrOUgh  tHO 

had  he  pot  in  the  numerator,  tin.  u-fr)  for  («-j-r),  lenses  at  sonic  distance  from  eaoh  other* 

h.  would  have  got  ^^^  Struck  with  the  magnifying  eflM 

r  -  '^^'"^"^q,,  '1^,1  =  "u'tant  un.  (=+r),  produced.     It  is  equally  certain,  thit 

which  Is  the  real  law.   But  the  error  of  his  for-  Galileo  immediately  began  to  constiuet 

mula  was  only  :i6"  at  dU""  zenith  dUtaace.     V.  l>e-  tclescopeS  of  a  quality  much    auperiOT, 

t  Paraiipom.adViteuion.p.  128.  anu,  as  we  navc  seen  looeTery  pn^- 

tP.S7l. ^ 

I  Hotfk  It  Pisa  la  1504,  died  si  AxcvUHal^ucavi       « l^xuMX^aiAimvt,  f .  11.  tdUloi  «f  VmL 
la  1642.  \y,'V&t^K^^aSiMfi^\.v^ 
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bable,  with  a  different  combination  of  a  prior,  or,  at  least,  a  contemporaneous 
lenses.  He  has  always  been  considered  discovery  of  them.  Simon  Mayer,  more 
by  posterity  as  one  inventor  of  the  tele-  usually  called  Marius,  in  a  work  entitled 
scope ;  and  there  is  no  ground  to  disturb  the  Afundus  JovicUis,  lays  claim  to  hav- 
his  title  to  that  honour*.  ing  perceived  them  about  the  same  time 
Such  an  instrument,  in  the  hands  of  as  Galileo  ;  but,  even  admitting  the 
such  a  man,  was  not  likely  to  remain  statement  there  given,  the  latter  appear! 
long  useless.  One  of  the  first  objects  to  to  have  the  priority  ♦. 
which  it  was  directed  was  the  planet  Ptolemy  had  proposed  to  employ 
Jupiter,  which,  to  the  astonishment  of  lunar  eclipses  for  determinins:  the  dif- 
the  observer,  appeared  to  be  accom*  fercnces  of  terrestrial  longitude.  The 
panied  by  four  small  planetary  bodies  or  physical  instant  at  which  the  moon  enters 
satellites  revolvinflr  round  him,  as  our  the  earth's  shadow  being  the  same  for 
moon  does  round  the  earth  t.  The  all  places,  the  difference  of  the  times 
smallness  of  these  bodies  renders  them  counted  by  each  observer  when  this  phe- 
invisible  to  the  naked  eye ;  but  with  a  nomenon  takes  places,  gives  directly  the 
telescope  of  moderate  power,  they  are  difference  of  longitudes.  But  in  prac- 
yery  easily  discernible.  It  is  an  extra-  tice,  this  method  is  subject  to  a  consi- 
ordmary  proof  of  the  extent  to  which  derable  defect,  arising  from  the  difficulty 
prejudice  may  be  carried,  that  in  a  mat-  of  determining  with  accuracy  the  instant 
ler  which  admitted  of  being  decided  by  a  of  the  beginning  or  end  of  the  eclipse. 
dh'ect  appeal  to  the  senses,  numbers  of  The  cone  of  shadow  projected  by  the 
men  should  have  been  found  who  per-  earth  is  surrounded  by  a  penumbra  of 
listed  in  contesting  the  existence  of  these  very  sensible  magnitude,  which  causes 
secondary  planets,  because  it  contra-  the  satellite  to  lose  a  good  deal  of  light 
dieted  the  received  ideas  with  regard  to  before  and  after  the  real  eclipse,  and 
the  number  of  bodies  in  our  system,  renders  the  phenomenon  more  gradual 
and  furnished  an  additional  probability  than  is  consistent  with  the  purpose  to 
in  favour  of  the  doctrines  of  Copernicus,  which  Ptolemy  wished  to  apply  it.  The 
8omo  declared  that  they  had  examined  satellites  ofJupiter  suffer  echpses  exactly 
Jupiter  carefully  with  the  telescope  with-  analogous  to  those  of  our  moon,  and 
out  noticing  anv  such  appearances  as  much  more  frequent,  as  not  only  is  the 
Oalileo  described,  and  attributed  his  ob-  nnmber  of  these  secondaries  greater, 
•ervations  to  an  optical  illusion.  Others  but  their  revolutions  round  their  primary 
frent  so  far  as  to  say  that  the  telescope  much  more  rapid.  The  synodic  revolu- 
represented  terrestrial  objects  correctly,  tion  of  the  first  satellite  is  only  about 
but  could  not  be  relied  upon  for  the  forty-two  hours ;  and  that  of  the  fourth, 
heavens;  while  the  climax  of  bigotry  whk;h  is  much  the  slowest,  does  not 
was  exemplified  in  a  professor  of  Padua,  exceed  seventeen  days.  The  rapid  mo- 
who  refused  to  look  at  Jupiter  through  tion  of  these  small  bodies,  and  the  fre- 
Gahleo's  instrument,  lest  he  should  be  auent  recurrence  of  their  eclipses,  ren- 
eonstrained  to  acknowledge  what  hp  aer  them  much  more  suited  for  the  de- 
had  predetermined  never  to  admit,  termination  of  the  longitude  than  lunar 
Kepler,  who  had  supposed  the  number  eclipses ;  and  Galileo  did  not  fail  to 
of  the  planets  to  correspond  to  the  re-  point  out  this  application  of  his  disco- 
golar  solids  of  geometry,  had  the  candour  very.  In  every  method  for  this  purpose, 
to  admit,  without  dispute,  facts  that  it  is  evidently  necessary  that  the  observer 
oyertumed  his  theory ;  and,  with  a  pli-  should  know  exactly  the  time  of  the 
pncy  of  genius  and  fertility  of  inven-  observation  counted  on  his  own  roe- 
lion  very  characteristic  of  him,  imme-  ridian.  Galileo  first  suggested  the 
diately  formed  a  new  system,  supported  application  of  the  pendulum  to  the  mea- 

a  reasons  just  as  gooa  as  those  he  had  surement  of  time,  for  the  purpose  just 

eged  for  his  first.    However,  the  ob-  mentioned ;  but  it  must  be  confessed  that 

■enrations  of  Galileo  were  so  easily  sus-  his  instruments  were  too  rude  to  l>e  of 

eeptible  of  veriticatkm,  that  they  ulti-  any  practical  utility. 
Diately  extorted  consent  from  the  most       Jupiter  was  not  the  only  planet  which, 

reiuetant ;    and    a  contest  of  another  on  being  examined  with  the  telescope, 

kind  arose  with  some  who  pretended  to  —  — 

■  *  Aceordiiif  to  Marlns,tatiiar«t  obserTMUon  wu 

*  For  Ml  InttitiUai  dlscoMioo  on  Um  loTomioa  made  ontbe  Sth  of  January,  IfflO.— Uietiratof  GalU 

of  the  telncope,  ac«  Journal  of  the  Boyal  Imttta-  too  on  the  7th.  Be  only  qaotea  one  obaerrvL^ioti  Vti 

|l#a«  Ho.  IL  f.  319.  hta  whole  book,  which  w«a  tmV  v^^>^»'<k^>^'^  ^^"^ 

f  Thie  WM  announced  In  a  amall  punplilsl  hf  y««n  •An  tbe  a\4n«nA'HundkAi^  ^  ^^^!!S^^£^r£i;' 

GnlUeo*  cnUcd  the  NaBdw  Sldcavai .  OtUmh.  AMioiu  HoAct^e,  ^\A.  VV*  ^^«l^l^^^^^* 
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presented   new  and  unlooked-for  ap-  The  lun  itself,  so  far  from  powcwing 

pearances.    Saturn  seemed,  to  Galileo,  that  perfection  which  many  were  wilfin^ 

whose  instrument,  it  must  he  recol-  to  ascribe  to  the  least  of  the  heavenly 

lected,  was  of  a  very  inferior  description  bodies,  was  seen  by  Galileo  to  be  eo- 

to  those   constructed   in  more  recent  vered  in  certain  places  with  dark  spots 

limes,  to  present  some  very  extraordinary  of  irrej^olar  form  and  variable  maj^hide. 

and  unaccountable  phenomena.  At  first  They  were  of  short  and  uncertain  dura- 

this  planet  seemca  accompanied  by  a  tion,  but  lasted  Ion;;  enough  to  establish 

satellite  on  each  side;  but  on  a  more  the  important  feet  that  the  sun  revolved 

narrow  examination,  it  appeared  that  on  an  axis  inclined  to  the  ecliptic  the 

these  appendages  were  connected  with  period  of  his  rotation  l)eing  nearly  t 

the  body  of  the  planet,  thus  giving  it  an  lunar  month.    This  rotation  of  the  sim 

oblong  or  flattened  form,  compared  by  had  been  t>efore  conjectured  by  Kepler, 

the  discoverer  himself  to  that  of  an  from  some  fanciful  ideas  as  to  the  pby- 

olive  *•    But  following  assiduously  the  sical  causes  of  the  planetaiy  revolntxmf, 

appearances  of  the  planet  for  some  years,  and  without  any  attempt  to]  aapport  the 

he  was  astonished  to  seethe  appendages  notion  by  actual  observation.    It  is  to 

mentioned  totally  disappear,  remain  in-  be  remarked,  that  Kepler  had,  without 

visible  for  some  time,  and  then  again  being  aware  of  it,  actually  obeerved  t 

slowly  resume  their  former  shape.  From  spot  on  the  sun*s  disc,  which  he  mistook 

the  imperfection  of  his  telescope,  he  was  for  a  transit  of  Mercury,  and  annouooed 

at  a  loss  how  to  explain  these  singidar  as  such  to  the  world.    It  is  much  to  hii 

phenomena,  the  reid  nature  of  which  credit  that,  on  hearing  Galileols  diioo- 

were  first  ascertained  by  Huyghens.  very,  he  readily  confemd  his  error.   A 

On  contemplating  Venus,  it  was  not  German  Jesuit,  named  Schdner,  who 

without   mucn    gratification  that  the  had  observed  these  solar  spots,  sdro- 

illustrious  explorer  of  the  heavens  ob-  cated  the  idea  of  their  being  smaUplawCi 

served  her  to  present  phases  similar  to  revolving  round  the  sun  ^.     Ton  led 

those  of  the  moon ;  thereby  establishing  him  into  a  controversy  with  G«lilec  who 

a  fact  which  was  strongly  corroborative  established  beyond  doubt  that  they  were 

of  the  theory  of  Copernicus,  and  utterly  really  adherent  to  the  sun^s  dise,  snd 

subversive  of  the  Aristotelian  notions  participated  in  the  common  motion  of 

on  the  subject,  as  it  proved  that  she  rotation.    It  is  only  within  the  last  few 

shone  merely  by  the  reflection  of  light  years  that  it  has  been  discovered  that 

from  the  sun.    Phases  of  a  similar  kind,  Galileo  had  been  anticipated  in  his  dis- 

but  less  extent,  were  also  remarked  in  covery  of  the  solar  spots  by  the  cele 

Mars.    It  is  scarcely  necessary  to  ob-  brated  English  mathematidan  Harxiottt. 

serve,  that  the  more  distant  the  planet.  The  observations  of  the  latter  have  nev^ 

the  less  sensible  these  appearances  be-  been  published ;  but  it  appears,  from 

come ;  it  is  not  therefore  surprising  that  what  has  been  made  known,  that  he  first 

they  should  be  inappreciable  for  Jupiter  observed  them  on  the  8th  December, 

and  Saturn.    Before  Copernicus,  it  had  1610,  while  the  discovery  of   Galileo 

been  generally  admitted  that   all   the  dates  from  March,  1611.    It  is  hardlf 

planets  shone  by  light  of  their  own.  The  necessary  to  observe,  that  the  observsp 

observation  of  the  phases  of  Venus  and  tions  of  Harriott  could  not  have  been 

Mars,  and  that  subsequently  made  by  known  to  Galileo ;  indeed  they  have  re- 

Horrox  of  the  transit  of  Venus  over  the  mained  buried  in  profound  obscurity  up 

sun's  disc,  were  a  complete  refutation  of  to  the  early  part  of  the  present  oentuy, 

this  groundless  notion.  when  they  were  found  among  the  mann- 

It  seemed  as  if  every  discovery  of  scripts  of  Harriott  ^  a  distinguished 

Galileo  were  destined  to  be  fatal  to  some  foreign  astronomer,  then  on  a  visit  to 

favourite  idea  of  the  Peripatetics,  and  to  this  country.     The  reputation  of  the 

afford  some  new  confirmation  of  the  great  Italian  cannot  be  affected  by  such 

analogy  existing  between  the  earth  and    - . 

planets.    The  moons  surface  was  found  •  Not  content  wlUi  having  Uirown  oat  Urii  Mea, 

by  him  to  resemble  in  structure   that  of  ^Uch  he  was  rabMquenUy  obliged  to  abandon. 

the  earth-   to  be  covered  with  inpnnnli-  8c*»«*n«"dl«pnt«lwlth  Galileo  the  dipcovery  of  the 

uic  carin,   lo   DC  coverea  Wlin  mequail-  golar.poto.    Some  controreny  ensued,  in  whfefa 

ties  similar  to  our  mountains  and  valleys,  Galileo  had  decidedly  the  advantage.~See  the  life 

and  even  exceeding  them  in  magnitude.  ?'®*"l~»  ^'I'P*  .*•  \*P?  Deiamb.  Aat.  M od.  vol. 

°                        ^  I.  p.  681;    Schelner*t  Rota   Unina,  Bracciaaoi 

__^ 1626^.    Galileo  de  If  acnlit  Solarlbus  tm  Epi»- 

tolK. 

*  See  a  letter  of  Galileo,  Inserted  by  Kepler  in  t  Edinburgh    Fhllotophlcal  Joonal,   voL  ril 

the  introduction  to  hia  Dioptrica.  ^.%V7. 
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a  dineoveiy ;  his  observations,  if  not  the  adherents  of  Aristotle.  Dreading, 
the  first,  were  probibly  the  most  exact,  however,  the  censures  of  the  Church, 
and  certainly  the  most  ably  followed  up.  he  thought  it  necessary  to  use  some 
From  them  he  deduced  the  fact  of  the  precautions  in  the  publication.  With- 
rotation  of  the  sun,  and  determined  the  out  affirming  anything  in  his  own  per- 
period  in  which  it  was  accomplished  to  son,  he  makes  the  interlocutors  on  each 
be  nearly  a  lunar  month, — ^phenomena  side  adduce  the  best  arguments  they 
of  greater  importance  than  the  mere  could  urge :  it  may  easily  l>e  conjectured 
knowled^  of  the  existence  of  the  ma-  which  is  victorious,  but  this  Galileo 
culsB  on  its  surfEice.  leaves  to  the  sagacity  of  the  reader  to 
The  name  of  Galileo  is  indissolubly  perceive.  In  his  preface  he  even  pre- 
associated  with  the  Copemican  system  tends  that  he  composed  th^  work  for  the 
of  the  world.  The  zeal  and  talent  with  sake  of  satisfying  the  ultramontane  phi- 
which  he  advocated  this  system  were  losophers,  that  the  condemnation  of  Co- 
decisive  of  its  final  triumph,  and  the  pemicus  at  Rome  had  not  its  origin  in 
persecutions  he  underwent  in  this  cause  ignorance,  but  was  pronounced  by  those 
have  endeared  his  memory  to  posterity,  who  had  well  weighed  the  arguments  on 
"While  yet  a  very  young  man,  and  a  either  side,  and  were  competent  to  de- 
student  at  the  University  of  Pisa,  he  cide.  ,  But  this  veil  of  irony  was  too 
became  a  convert  to  the  doctrines  of  flimsy  not  to  be  seen  through  at  once ; 
Copernicus,  which  were  then  gaining  nor  could  it  protect  him  from  the  ven- 
ground  among  the  astronomers  of  the  geance  of  the  Inquisition,  which  was 
north.  Of  these  doctrines,  which  his  prompt  and  severe.  He  was  summoned 
own  discoveries  so  beautifully  corro-  to  Rome,  brought  before  the  tribunal  of 
berated,  he  was  through  life  a  most  the  Holy  Office,  condemned  to  impri- 
ardent  and  enlightened  advocate ;  and  sonment  during  pleasure,  and  forced  to 
through  his  influence  and  exertions  they  sign  a  solemn  abjuration  of  the  doctrine 
began  to  spread  rapidly  throughout  of  the  earth*s  motion;  a  doctrine  de- 
Italy  and  all  Europe.  The  Penpate-  clared  by  the  inquisitors  to  t>e  false  in 
tics  now  seriously  took  the  sJarm :  while  philosophy  and  heretical  in  religion.  The 
these  opinions  were  confined  to  a  few  imprisonment  was  subsequently  com- 
scientific  men,  they  had  looked  on  with  muted  for  relegation  to  his  villa  at 
indifference ;  but  when  they  became  po-  Arcetri,  where  he  was  compelled  to  pass 
pular,  they  felt  that  the  empire  of  Aris-  the  remainder  of  his  life  in  strict  seclu- 
totle  was  shaken  to  its  foundations,  sion.  Indeed,  there  is  every  reason  to 
Overwhelmed  by  the  facts  and  reason-  suppose,  that,  had  it  not  been  for  the  pro- 
ings  of  their  adversaries,  to  which,  in  tection  of  the  Grand  Duke  of  Tuscany, 
D^eneral,  they  were  able  to  oppose  no-  he  would  have  been  more  hardly  dealt 
thing  but  the  dicta  of  their  great  mas-  with,  and  in  all  likelihood  never  quitted 
ter,  they  had  recourse  to  religion,  and  the  dungeons  of  the  Inquisition*.  It  is 
declared  the  opinion  of  the  es^h*s  mo-  difficult  to  conceive  what  the  inquisitors 
tion  to  be  not  only  unphilosophical,  but  could  have  expected  to  gain  from  a  re- 
heretical!  It  was  not  difficult  for  the  Co-  cantation  extorted  by  intimidation — 
pemicans  to  expose  the  absurdity  of  this  perhaps  even  by  actual  torture.  '*  AH 
assertion;  but  their  enemies  had  the  Europe,'*  says  La  Place,  *' was  revolted 
ear  of  the  ecclesiastical  authorities,  and  at  the  sight  of  an  oldt  man,  rendered 
a  decree  was  procured  from  the  Court  illustrious  by  a  long  life  dedicated  to  the 
of  Rome  in  the  year  1616,  prohibitiujg  study  of  Nature,  forced  to  abjure  on  his 
the  Revolutions  of  Copernicus,  the  £pi-  knees,  and  against  the  testimony  of  his 
tome  of  Kepler,  and  other  works  or  a  conscience,  the  troths  he  haa  incon- 
similar  tendency :  at  the  same  time  testably  proved.**  In  spite  of  decrees 
Galileo  received  an  intimation  to  desist  and  prohibitions,  the  reasonings  of  Ga- 
for  the  future  from  teaching  and  ad-  lileo  were  generally  felt  to  be  of  over- 
vocating  the  theory  contains  in  them,  whelming  force,  and  the  court  of  Rome 
But,notwithstandin^  the  evident  danger  shook  its  own  authority  much  more 
to  be  incurred  by  vk>lating  such  a  pro-  than  the  Copemican  system  by  its  in- 
hibition, the  truth  was  too  dear  to  Ga-  norant  and  tyrannical  censures, 
lileo  to  be  abandoned  without  a  struggle;    

"i*?^  i*?®  ^*P*®   of  some  years,  he  •  For  th.  pvtletil.rt  of  this  scandaloat  tH.1. 

fUtUlshed  his  fi&mOUS  DuUOgUeS  on  the  and  the  al]|)ontloD  or  6alU«o,  the  reader  U  referred 

tolemaic  and  Copemican  systems,  a  ^^Jj^tm.^*^^' ''' ^^^  T\x%  ^%*  ^i  >m«. 


work  whkh  gave  tlK  last  iktal  blow  to      t  oaiuco «aftU«iAa^iA»m«%rikii«tt%<^v 
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As  we  shall  not  have  occasion  to  re-  planets,  as  they  mutt  have  traTened 

vert  ajrain  to  the  great  dispute  about  the  these  pretended  spheres  in  every  diree- 
motion  of  the  earth,  we  shall  now  pro-  tion.  The  physical  theories  of  the 
ceed  to  make  a  few  remarks  on  the  Aristotelians  were  thus  completely  over- 
nature  of  the  discussion,  and  the  mode  thrown :  the  epicycles  of  Ptolemy  might 
in  which  it  was  carried  on.  Galileo  has  be  considered  as  a  purely  mathematical 
remarked  in  his  Dialogues,  that  the  ar-  hypothesis  for  the  purposes  of  caku- 
guments  on  either  side  might  be  classed  lation ;  but,  unfortunately  for  his  repu- 
under  two  heads,  those  purely  astrono-  tation,  this  author  has  urged  acme  me- 
mical,  and  those  derived  from  physical  chanical  objections  to  the  motion  of  the 
and  mechanical  considerations.  But  earth,  which  were  much  insisted  upon 
among  the  latter  it  will  be  necessary  to  in  later  times;  and  these  we  shall  now 
distinguish  those  really  physical  from  proceed  to  consider, 
others  which  might  more  properly  be  The  real  mechanical  objections  to  the 
called  metaphysical,  being  merely  doctrine  of  the  rotation  of  the  earth  on 
founded  on  fanciful  notions  of  Aristotle  its  axis  may  nearly  all  be  reduced  to  one 
and  his  followers,  as  to  the  essence  and  head,  though  they  have  been  presented 
nature  of  certain  objects.  A  very  nu-  in  many  different  forms.  Thua  it  was 
merous  class  of  objections  to  the  motion  argued,  that,  did  the  earth  revolve  on 
of  the  earth  may  be  referred  to  the  idea  its  axis  with  the  velocity  which  must  be 
of  Aristotle,  that  all  celestial  lK)dies  attributed  to  it  in  that  hypothesis,  stones 
were  of  a  totally  different  nature  from  thrown  up  into  the  air  would  not  descend 
the  terrestrial,  being  essentially  perfect  to  the  same  place ;  a  bird  on  the  wing 
and  incorruptible,  while  the  latter  were  would  find  the  ground  over  which  S 
imperfect  and  liable  to  decay.  This  hovered  pass  away  from  under  it ;  pro- 
idea,  which  was  a  fundamental  one  in  jectiles  would  range  differently,  accxn^ 
Aristotle's  natural  philosophy,  made  the  ing  to  the  direction  in  which  th^  were 
Peripatetics  utterly  averse  to  admit  that  fired,  and  so  on.  The  answer  to  all 
the  earth  was  merely  one  of  a  system  of  these,  and  innumerable  objections  of 
planets  revolving  round  the  sun,  and  the  kind  which  have  been  urged,  iM  the 
that  there  was  no  essential  difference  same.  Bodies  on  the  earth's  surftce,  as 
between  them,  either  in  their  motions  or  well  as  the  atmosphere  which  surrounds 
physical  constitution.  The  discoveries  it,  participate  in  the  common  motion  of 
of  Galileo,  however,  had  eminently  con-  rotation :  the  motion  of  a  projectile  in 
fributed  to  establish  that  such  was  the  space  is  determined  not  mere^  by  the  im- 
fact :  he  had  shown  that  Jupiter  was  mediate  impulse,  but  also  by  the  motion 
the  centre  of  a  system  of  satellites,  re-  it  had  already  acquired ;  thou^,  as  this 
volving  round  him  as  our  moon  does  is  common  to  us,  and  all  the  points  with 
round  the  earth ;  that  the  planets  shone  which  we  compare  it,  we  perceive  only 
merely  by  light  reflected  from  the  sun;  the  relative  motion.  This  point  was 
that  the  moon's  surface  presented  inequa-  well  illustrated  by  Galileo  ♦.  Suppose, 
lities  exactly  similar  to  those  of  the  earth;  said  he,  a  painter  on  board  &  vessel 
that  neither  it  nor  the  planets  were  the  going  fi-om  Venice  to  Alexandria  were 
smooth,  round,  spontaneously  luminous  to  begin  to  draw  on  quitting  the  port, 
bodies  they  were  assorted  to  be,  but  bore  and  continue  this  till  he  arrived  at  iUex- 
every  analogy  to  the  globe  we  inhabit,  andria,  it  is  clear  that  the  point  of  his 
He  proceeded  in  his  Dialogues  to  over-  pencil  will  have  trac«d  out  a  very  long 
throw  the  pretended  perfection  and  im-  line  on  the  earth's  surface ;  yet  the  pe- 
mutability  of  the  heavens,  by  referring  culiar  work  on  which  he  waa  engaged, 
to  the  apparition  of  a  new  fixed  star  in  a  landscape,  for  example,  would  be 
the  year  1572,  and  to  the  spots  on  the  exactly  the  same  as  if  the  vessel  had 
surface  of  the  sun,  which  he  had  disco-  remained  on  the  same  spot,  it  being 
vered  to  form  and  disappear,  indicating  merely  the  relative  motion  of  the  pen 
continual  and  extensive  changes  on  the  that  determined  the  outline  of  the  figures 
surface  of  that  t)ody.  Tycho  Brah6  had  on  the  paper.  Another  good  illustra- 
already  shown  that  comets  were  not  tion  of  the  same  point  is  this  .-—Suppose 
meteors  engendered  in  the  atmosphere,  that,  in  a  vessel  under  sail,  a  heavy  body 
but  bodies  revolving  round  the  sun,  and  is  suffered  to  fall  from  the  top  of  the 
the  direction  of  their  orbits  disproved  mast  to  the  deck,  it  will  strike  the  deck 

the  existence  of  the  solid  transparent 

spheres  which  had  been  imagined  to       ,  ^        .,  ^  ,.,  T"!         ilTTT 

explain  the  moUons  ot  the  sun  «i4  vnu."'"*  *"  ''•"^  "•*•  '^-  <>•  «•  i^*- 
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exactly  at  the'foot  of  the  mast :  (and  not  of  the  equinoxet ;  who  has  destroyed 

behind  it,  as  many  had  afBrmed  in  the  three  enormous  spheres ;    who,  lastly, 

teeth  alike  of  reason  and  direct  experi-  like  Hercules,  has  been  able  to  sustain 

ment ;)   for  the  same  reason  that  the  alone  a  weight  that  has  so  often  crushed 

heavy  body,  participating  originally  in  an  Atlas.*'     We  have  quoted  this  pas- 

the  common  motion  of  the  vessel,  strikes  sage  to  show  that  the  real  difficulties  in 

thedeek  atthe  footof  the  mast,willasimi-  the  admission  of  the  system  of  Copemi- 

lar  body,  suffered  to  fall  from  the  top  of  a  cus  lay  merely  in  the  erroneous  physical 

high  tower  on  the  earth*s  surface,  strike  notions  of  the  time,  in  the  authority  of 

the  ground  at  the  foot  of  the  tower,  and  Aristotle,   and  in  religious  prejudices, 

not  at  a  distance  from  it  *.    This,  in-  Indeed,  but  one  arsrument  has  ever  been 

deed,  is  only  true  approximately ;  for,  urged  against  it,  which  would  have  any 

if  we  come  to  great  accuracy,  the  sum-  weight  in  the  eyes  of  an  astronomer: 

mit  of  the  tower  revolves  rather  faster  this  is  the  enormous  distance  at  which  it 

than  the  base,  and  the  heavy  body  will  places  the  fixed  stars  from  the  earth. 

deviate  a  little  in  its  fiedl,  but  by  so  small  For  since  the  earth  describes  round  the 

a  quantity  as  hardly  to  he  perceptible  in  sun  an  orbit  nearly  circular,  its  positions 

the  most  accurate  experiments.  at  the  interval  of  half  a  year  will  l>e  dis- 

The  physical  difficulties  being  once  tant  the  whole  diameter  of  the  orbit,  or 

disposed  of,  it  only  remained  to  com-  nearly  190,000,000  of  miles ;    yet  this 

pare  the  Ptolemaic  and  Copemican  sys-  immense  distance  produces  no  change 

tems  in  an  astronomical  point  of  view,  in  the  apparent  places  of  the  fixed  stars. 

And  here  the  advantage  of  the  latter  In  other  words,  a  straight  line  of  that 

was  palpable  and  immense.  The  annual  length  subtends  no  sensible  angle  at  the 

motion  of  the  earth  suppressed  at  once  distance    of    the    nearest    fixed    star. 

the  epicycles  of  the  superior  and  the  de-  Though  there  is  no  physical  impossibility 

ferents  of  the  inferior  planets :  it  pointed  in  this,  it  was  felt  for  a  long  time  as  a 

out  the  cause  of  their  stations  and  retro-  difficulty  in  the  Copemican  system,  and 

gradations,  phenomena  otherwise  totally  great  exertions  have  been  made  to  dis- 

mexplicable.   The  diumid  motion  intro-  cover  some  annual  parallax  in  the  fixed 

duced  a  still  greater  simplification,  by  stars,  but,  up  to  this    time,  without 

getting  rid  of  the  monstrous  revolution  much  success.    It  is  curious  enough, 

of  the  primum  mobiU^  by  which  not  that  while  prosecuting  researches  of  this 

merely  the    sun,  a    Ixxly  enormously  kind,  Bradley  was  led  to  the  discovery  of 

larger  than  the  earth,  and  at  a  distance  aberration,  which  furnishes  us  with  a 

of  more  than  ninety  millions  of  miles  direot  proof  of  the  earths  annual  mu- 

with  the  planets,  but  even  the  fixed  stars,  tion.      There  is,  then,   no  longer  any 

whose  distance  is  so  great  as  almost  to  hesitation    in   admitting   the  immense 

surpass  our  powers  of  conception  and  distance  we  have  alluded  to ;  however 

expression,  revolved  round  an  atom  like  much  it  may  surpass  any  magnitude  of 

the  earth,  all  exactly  in  the  same  period  which  we  can  form  a  conception, 
of    twentv-four    hours.     Indeed,    the 

beauty  of  the  Copemican  system   ex-  Chaptrr  YIT 

torted  a  tribute  of  warm  admiration  from  ^^nArijs»  -^.n. 

its  very  adversaries.    The  Jesuit,  Rio-  Meature  of  the  Earth — Snell— -Norwood 

cioli,   who    wrote   expressly  to   over-  — Tranhts  of  Venw  and  Mercury— 

throw  it,  exclaims t,  ••Never  can  we  Oauendi'-Horrox^DiminuUono/the 

sufficiently  admire  the  genius  and  saga-  obliquity  of  the  Ecliptic  WeNdeUin 

dty  of  Copemicus,  who,  by  three  mo-  -^  Sfortn— Longitudes — HeveUue-^ 

tions  of  a  globule  ^like  the  earth,  has  lAbtaHon  of  the    Moon—Comete-^ 

explained  what  astronomers  have  never  Mouton, 

been  abletoreprcsentwithout  an  absurd  Thb  attempt  of  Eratosthenes  to  mea- 

eomplication  of  machmery ;  and  who,  gy^^  the  earth  was  repeated  in  the  be- 

disengagmg  the  fixed  stan  from  theur  ginning  of  the  seventeenth  century  by 

rapid  diurnal  motion,  so  difficult  to  re-  ^iHebrord  Snell  *  a  distinguished  pro- 

eoncik  with  theur  general  motion  round  f^^^  ^f  mathematics  at  Leyden.   This, 

the  Poles  of  the  ludiptw,  has  happily  however,  was  not  quite  the  first  exi)eri- 

cxplained  the  stations  and  letrogradar 

tkms  of  the  planets,  and  the  pieoessioa  •  smUIb  uhntrtoat  u  the  cUtcovvrer  of  th«  uw, 

*  UmU  wImo  a  nf  of  light  paMn  from  one  medium 

~ _^     -  j^^  mother,  the  tine  of  the  utflc  oC  VmMwwm  N* 

t  Alnfttl.  NoTom,  toL U.  jp.S09i  vpon  tbtmvdi^ . 
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ment  of  the  kind  in  modern  times.  Fer-  to  observe,  that  he  himself  vrti  aware  of 
nel,  a  French  physician,  had,  in  the  year  his  error,  and  had  repeated  the  wh(de 
1528,  measured  the  length  of  a  degree  operation,  hut  was  cut  off  by  death  he- 
between  Paris  and  Amiens,  by  countins^  fore  he  could  publish  the  corrections  be 
the  number  of  turns  made  by  a  carriafi:e  had  obtained.    It  is  easy  to  see  how  su- 
wheel  in  passing  along  the  high  road :  he  perior  his  method  was  to  that  of  Erato- 
found,  for  the  length  of  the  degree,  sthenes.    In  the  first  place*  the  latitude 
56746  toises  of  Paris :  and  it  is  remark-  was  actually  observed  at  the  two  extre- 
able   that   proceeding  so    roughly  he  roities  of  the  arc  ;  but  the  principal  ad- 
should  have  obtained  a  result,   which  vantage  was  in  the  terrestrial  measme^ 
comes  nearly  within  300  toises  of  the  ments.    Eratosthenes  not  merely  neg- 
truth.    The  method  of  Snell  was  much  lected  the  reduction  to  the  meridiao, 
more  scientific,  and,  in  fact,  is  the  same  but,  instead  of  determining  the  arc  be- 
with  that  which  has  been  pursued  in  tween  Syene  and  Alexandria   by  any 
similar  researches  ever  since.    Having  mathematical  process,  took  the  itineniy 
measured  in  the  plains  near  Leyden,  a  distance  as  given  by  the  royal  surveyors, 
straight  line  or  base  of  considerable  ex-  Soon  after  this  measurement,  a  similar 
tent  *,  he  proceeded  to  observe  at  each  operation  was  undertaken  in  the  same 
end  of  it  the  angle  made  with  a  given  country   by  Blaeu,  a  countryman   of 
signal.    In  the  triangle  thus  formed,  he  Snell :  it  appears  to  have  been  executed 
calculated  the  remaining  sides ;  one  of  with  great  accuracy ;    but  the  details 
which  being  taken  for  a  fresh  base,  and  have  never  been    published.      In  the 
connected  with  a  fresh  signal,  formed  a  year  1635,  Richard  Norwood,  having 
new  triangle,  and  proceeding  in  a  similar  observed  the  difference  of  latitude  be- 
way,  he  was  enabled  to  connect  the  two  tween  York  and  London,  proceeded  to 
extremities  of  an  extensive  arc  by  a  se-  measure  the  distance  between  these  tvo 
ries  of  triangles.    But  as  these  two  ex-  places  along  the  high  road,  partly  with 
tremities  did  not  lie  exactly  under  the  a  chain,  partly  by  stepping,  and  making 
same  meridian,  it  became  necessary  to  the  best  allowance  he  could   for  the 
determine  the  arcs  of  the  meridian  in-  windings  and  inequalities  of  the  road, 
tercepted  between  the  vertices  of  the  re-  This  he  did  by  observing  the  deviations 
spective  triangles.    To  effect  this,  it  was  from  the  meridian  with  a  compass,  and 
necessary,  at  the  extremity  of  the  arc,  to  measuring  the  inclination  of  the  various 
measure  the  azimuth  or  deviation  from  declivities.     It  must  be  regaided  as  a 
the  meridian  of  one  of  the  sides  of  the  most  curious  instance  of  the  tendency  of 
first  or  last  triangle.    The  sum  of  the  small  errors  to  compensate  each  other  in 
arcs  of  the  meridian  thus  found  gave  a  great  arc,  that  in  this  way  he  should 
Snell  the  whole  arc  sought.    The  arc  have  found  a  value  of  the  degree  a  great 
between  Alcmaer  and  Bergen-op-Zoom,  deal  more  accurate  than  that  of  Snell  *• 
he  found  to   be  34018   perches,  each  It  is  now  hardly  necessary  to  allude  to 
perch  containing  twelve  Rhenish  feet;  the  operation  of  the  Jesuits,  RiccioU  and 
the  difference  of  latitude  was  1°  1 1'  30" :  Grimaldi.  in  Italy,  which  was  simdar  in 
and  hence,  he  concluded  the  length  of  method  to  that  of  Snell,  but  equally  un- 
the  degree  to  l)e  28473  perches.     He  successful  in  the  execution:  Uieir  error 
also  observed  the  latitude  of  Leyden,  the  was  upwards  of  31U00  feet  in  excess, 
situation  of  which  is   intermediate  be-  Inthesystemof  Copernicus,  or  indeed 
tween  Alcmaer   and  Bergen-op-Zoom,  that  of  Tycho  Brahd,  the  inferior  planets, 
and   found    by  this    operation    28510  Mercury  and  Venus,  revolving  round 
perches,  whence,  taking  a  mean,  he  esti-  the  sun  in  planes  very  slightly  incliited 
mated  thedegree  at  about  28500  perches,  to  the  ecliptic,  must  occasionally  pass 
or  331056  English  feet  f. — 

This    value   is   not  so  exact   as  might         •The  error  of  Norwood  wm  not  much  more  Uian 

have  Ixjen  expected  from  the  goodness    *?2?-«*^*,.  Jl*  °>*?« /*»«  length  of  the  degree 
of  the  method,  the  real  value  «t  the  de-    ?fo',"'.,,"5ccounr.'f  "thl".  'S.:n^r%'^l^^ 

gree   being    about   364870   feet.      It  ap-      man's  PracUce.   London.  I651I,  c.  2.     Some  idea 

pears  that  the  principal  error  was   m    r.',„:;IVrX'fo?L{r;L'J:|e:!!;V„^,  Z 

the  determmation  of   the  azimuth,  a  de-      often  oUerve  a  mlle  or  two  before  me.  aome  mark 
licate  and  difficult  operation.   It  is,  how-      J"  J''f  highway,  noting  the  degree,  and  measuring 

ever,  but  justice  to  the  memory  of  Snell,    mViL"e?w%;;??i."o7i;?  w^^Sm^^^^^^^^ 

-       ,    ,^ ;;,■:: four  degrees  towards  the  right  hand,  sometimes  as 

*  In  the  year  161/.  much  to  the  left,  but  making  such  allowance  for 

t  See  bis  work    called  Eratosthenes  Batavus.  that  and  for  the  unevennease  as  1  iudnd  aoA- 

Le/deo,  1617.  lib.  a.  cue.  p.  1»7.  cteut.»-p.3^  ''     »cu  •■« 
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between  the  sun  and  the  earth.    At  th^n  other  transit  of  Venus  occurred'  before 

time,  theplanet  seen  from  the 'earth  will  the  year  1761,  when  the  different  f^ 

appear  to  traverse  the  sun*s  disc ;  and  vemments  of  Europe  sent  astronomers 

these  phenomena  are  called  transits  of  to  all  parts  of  the  world  to  make  the 

Venus  or  Mercury  orer  the  sun.    It  is  observation. 

easy  to  conceive  their  importance  in  We  have  said  that  the  observation  of 
astronomy.  They  are  a  decisive  con-  the  transit  of  Venus  was  owing  to  an 
firmation  of  the  &ct,  that  the  inferior  accident.  There  lived  at  that  time  in 
planets  revolve  round  the  sun ;  and  they  Luicashire  a  youne  astronomer  of  the 
are  of  the  greatest  use  in  determining  name  of  Horrox,  who,  though  carried  off 
the  elements  of  the  orbits  of  these  by  a  premature  death  at  the  age  of 
planets.  It  is  evident,  that  at  this  time  twenty-three,  has  left  l)ehind  him  proofs 
they  must  be  very  near  their  nodes :  it  of  enthusiasm  and  genius  for  science  id- 
is^  easy,  when  they  are  visible  on  the  together  uncommon.  Kepler,  fW)m  fome 
disc,  to  measure  their  distance  from  the  error  in  his  tables,  had  announced,  that, 
sun's  centre,  to  determine  the  instant  of  after  the  transit  of  1631,  no  similar  phe- 
their  appearance  and  disappearance,  and  nomenon  would  occur  for  more  than  a 
hence  to  conclude  the  longitude  of  the  century.  It  so  happened,  however,  that 
node,  and  the  inclination  of  the  orbit  to  Horrox  had  been  m  the  habit,  when  he 
the  ecliptic.  These  considerations  in-  commenced  his  astronomical  pursuits, 
duced  Kepler  to  call  the  attention  of  of  consulting  the  tables  of  Lansbei^, 
astronomers  to  the  transit  of  Mercury,  though  he  had  subseouently  abandonra 
announced  for  the  7th  of  November,  them  for  those  of  Kepler;  and  also,  that 
1631.  Kepler  had  once  imagined  that  Ijinsberg*s  tables,  though  in  general 
he  had  observed  such  a  transit  on  the  very  defective,  yet,  by  a  compensation  of 
28th  of  May,  1607  ;  but  he  recosmized  errors,  were  right  in  announcing  a  tran- 
afterwards  his  erA)r,  and  confessed  that  sit  of  Venus  for  the  year  1639.  Struck 
he  had  mistaken  a  solar  spot  for  the  by  this  announcement,  Horrox  was  in- 
planet.  However,  the  transit  of  1631  duced  to  examine  more  minutelv  Kepler's 
was  certainly  observed  by  several  astro-  tables  ;  and  he  perceived  that,  after 
nomers;  but  the  only  one  whose  ob-  making  certain  necessary  corrections, 
servation  is  on  record  is  the  celebrated  they  made  the  transit  visible,  and  fixed 
Gassendi*.  To  his  great  surprise,  he  it  for  the  4th  December,  (N.  S.)]639. 
found  the  apparent  diameter  of  Mer-  He  gave  notice  of  this  to  his  friend  and 
cury,  which  had  usually  l)een  estimated  correspondent,  Crabtree ;  and  both  had 
at  2',  not  to  exceed  20" :  he  immediately  the  pleasure,  on  the  day  mentioned,  of 
conjectured  that  the  apparent  diameter  seeing  Venus  on  the  sun's  disc,  though 
of  Venus  would  not  be  found  to  exceed  circumstances  prevented  the  olMervation 
much  1' ;  which  was  verified  at  the  of  the  bNednning  and  end  of  the  pheno- 
transit  of  1639,  when  Horrox  found  it  menon.  The  observation,  however,  was 
about  1'  1 0''.  This  was  the  first  transit  of  the  greatest  use  in  fixing  the  elements 
of  Mercury  ever  observed :  these  phe-  of  the  orbit ;  and  the  two  friends  had 
nomena  are  of  the  more  consequence  in  the  satisfaction  of  being  the  only  indi- 
determining  the  orbit  ofthe  planet,  since,  viduals  in  Europe  who  had  witnessed 
fh)m  its  proximity  to  the  sun,  it  is  al-  such  a  spectacle.  They  did  not  live  long 
ways  difficult  to  observe  it  with  advan-  to  enjoy  the  distinction.  Both  died  at  a 
tage  by  the  ordinary  methods.  Those  very  early  age  *• 
of  Venus  are  still  more  rare  and  more  It  was  about  this  time  that  the  idea 
important.  One  was  announced  for  the  of  a  variation  in  the  obliquity  of  the 
6th  December,  1631;  but  it  was  invi-  ecliptic  was  first  entertained.  It  seems 
sible  in  Euro])e,  Venus  having  traversed  to  have  originated  with  Godfrey  Wen- 
the  sun's  disc  during  the  night.  It  is  delein,  a  Dutch  astronomer  of  some 
remarkable,  that  the  next  transit,  in  the  merit.  He  induced  Gassendi  and  Pey- 
year  1639,  though  visible,  was  very  resc  to  repeat,  at  Marseilles,  the  ol>ser- 
nearly  missed,  and  only  observed,  it  may  vation  of  Pytheas  on  the  sun*8  altitude 
be  said,  through  an  accident.  "The  ex-  at  the  summer  solstice.  Having  em- 
treme  importance  of  this  observation 
may  be  collected  from  the  fact  that  no  ' 

•The  obMrratlon  of  Horrox  it  deUll«d  in  • 

■mall  treaUtc  compote<l  by  him,  called  V«au.%  Vt^ 

«  Ga«aendi*s  obsenratlon  !•  to  be  foand  la  •  Sole  rita,  flrat  prlaicd  aa  %  vQcv\\«mvDX  No  >^ 

treallae  composed  cxprculy  on  thla  tufajcct,  caUtd  Mercuiim  lA  &Q!ift  iVvoA  ot  ll%^^^w^  TkvoKa^fH 

De  Mercurlo  In  Sou  tUo.    HagU9^l96SU  IMS* 
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ployed  for  this  purpose  a  gnomon  of  52  tion  with  one  made  under  tnolber  meli- 

feet,  they  found  the  ratio  of  this  altitude  dian.    Jean  Baptiste  Morin  was  the 

to  the  solstitial  shadow  to  be  120 :  42}.  first  to  propose  a  method  analogons  to 

Pytheas  had  found  120 :  41 } :  the  com-  that  of  lunar  distances,  now  in  general 

parison  indicated  clearly  the  diminution  use.    He  proposed  to  observe  the  alti- 

suspected ;  but  astronomers  do  not  seem  tudes  of  a  fixed  star  and  the  moon,  and 

to  have  placed  much  reliance  on  this  at  the  same  time  their  apparent  dis- 

observation  of  Gassendi,  or  indeed  that  tance ;  hence  to  obtain  the  true  distanoet 

of  Pvtheas,  with  which  he  compared  it*,  and  from  this  and  the  altitude  of  the 

We  have  seen,  however,  that  the  latter  moon  to  find  her  ri§[ht  ascension  at  the 

was  made  with  considerable  care,  and  instant  of  observation  *,    It  is  always 

the  doubts  which  have  been    thrown  possible  to  find  by  tba  tables,  the  m^ 

upon  it  are  very  unjust :  it  were  to  be  ment  when    the    moon  has  a  given 

wished  that  Gaa»endi  had  observed  with  ri|B;ht  ascension  under  a  known  meri- 

as  much  success.  dian ;  and  the  difference  between  these 

Wendelein  deserves  notice  here  for  times  gives  at  once  the  difiinrenee  of 
other  services  rendered  to  astronomj^.  the  meridians  or  the  terrestrial  longU 
He  ascertained  that  the  law  of  the  peri-  tude.  This  method  is  quite  food  in 
odic  times  discovered  by  Kepler  to  exist  theory,  and,  indeed,  bears  consideraUe 
among  the  planets,  was  also  true  for  the  resemblanoe  to  that  now  in  use;  but  in 
system  of  the  satellites  of  Jupiter :  the  practice  it  was  inapplicable  without 
squares  of  the  times  of  their  revolutions  tolerably  exact  tables  of  the  moon ;  and 
round  the  primary  planet,  being  as  the  upon  this  ground  the  commissioners  ap- 
oubes  of  the  major  axes  of  their  orbits,  pointed  by  Cardinal  Richelieu  to  cx« 
We  now  know  this  to  be  a  necessary  amine  the  merits  of  the  invention,  con- 
consequence  of  the  theory  of  universal  demned  it.  It  has  been  said  by  some 
gravitation :  at  that  time  it  furnished  a  authors  that  Morin  was  liardly  used  by 
curious  and  not  an  undesirable  corrobo-  them ;  yet  if  we  consider  that  the  reward 
ration  of  this  remarkable  law.  Wende-  offBred  by  the  government  was  evidently 
letn  has  also  the  merit  of  having  cor-  intended  for  some  method  of  discover- 
rected,  materially,  the  value  of  the  sun's  Iq^  the  longitude  directly  applicable  to 
parallax,  then  estimated  at  3',  though  it  navigation,  which  this  met  nod  eoukl 
does  not  in  reality  exceed  9".  Aristar-  not  be  made,  without  the  construction 
chus  had  placed  the  sun  nineteen  times  of  good  lunar  tables;  ihat  in  fact  (he 
as  far  from  us  as  the  moon :  Wendelein,  real  difficulty  of  the  problem  lajr  in  (he 
by  following  the  same  method,  with  the  formation  of  these  tables,  which  re- 
assistance  of  the  telescope,  was  able  to  quired  a  much  more  perfect  state  of 
make  a  much  more  accurate  determina-  astronomy  than  existed  in  the  seven- 
tion:  he  placed  the  sun  229  times  far-  teenth  century;  that  the  mere  kiea  of 
ther  from  us  than  the  moon;  which  employing  the  place  of  the  moon  for 
gives  a  parallax  of  15",  supposing  the  the  object  in  question,  was  not  difficult 
moon*8  distance  to  l)e  sixty  semi-diame-  to  hit  upon,  nor  in  fact  original  t; 
ters  of  the  earth.  we  shall  probably  think  the  commis- 

The  discoveries  of  India  and  America  sioners  had  sufficient  ground  for  the 
had  given  j.uch  an  impulse  to  naviga-  opinion  theyipronounced.  Nor  is  the 
tion,thatthe\^-antof  amethod  for  deter-  character  of  Morin  such  as  to  excite 
minins:  the  longitude  at  sea  began  to  be  mucli  sympathy  for  iiis  alledged  ill-treat- 
severely  felt.  Ptolemy  had  proposed  ment.  Not  content  with  being  an  in- 
ecliiwes  of  the  moon  for  the  determina-  fatuated  follower  of  judicial  astrok)gy, 
turn  of  terrestrial  longitudes:  the  sug-  he  had  waged  an  implacable  war  against 
gestion  of  Galileo  to  employ  the  eclipses  the  doctrines  and  followers  of  Copemi- 
of  Jupiter's  satellites  was  much  more  cus  ;  upon  whom  he  had  heaped  the 
important ;  but  the  observation  is  made  .____^_^___^_^____^ 
with  difficulty  at  sea ;  and  had  it  been  '  ,  ,,  .  .  ,  ^  ^ 
otherwise,  the  satellites  could  not  have  vLim                  ^'  ^        "*  ^  ^'  •' 

been  thus  used  without   accurate  tables.  t  it  had  been  propowd  by  Gemm*  FrUlni,  u«w 

The  object  of  the  seaman  l.ein-  to  (lis-  °Xd*;Y  g:™!'  ^A^lr^'H  "ri^'^t 

cover  his   loni^ltude   at   once,  he  cannot  to  be  umIcmId  pracUcc.    He  employed  a  globe 

of  course  wait    to   compare  his  observa-  ""^  compwa  instead  of  trigonometrical  calculi' 

'^  tion,  and  neglected  altogether  the  moon*t  parallax : 

"           ■  ;     "  Morin  might  justly  claim  the    merit  of  having 

*  For  the  obiervation  of  Ua«sendi,  see  his  Pro-  corrected  the  method,  and  made  \%  applicable, 

portio  Utiamoiiin  nd  U  mbr am  SoltUUalem  Masai-  provided  good  Ublesooold  be  found :  bttltasn  was, 

iiiB  ObservaU.    llu^e,  1602.  aa<w«\».^%wid,UMcealdificuli7. 
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most    wispaniig    and     muiMuund  tb«r  the  common  tllipM,  and  subttitute 
abuse*.  an  analogous  curve,  where  instead  of 
It  has  been  remarked  by  Montucla  the  sum  of  the  distances  from  the  foci 
that   none   of  the  contemporaries   of  to  a  given  point,  it  is  their  product 
Kepler  seem  io  have  understood  the  which  is  constant.    Indeed  it  may  be 
importance,  or,  indeed,  the  real  nature  said  that  it  was  not  till  Newton  had 
of  the  laws  discovered  by  that  philoso-  shown  that  the  laws  of  Kepler  were 
pher»    They  saw  in  them  nothing  but  deductions  from  one,  general  principle 
the  motion  of  the  planets  in  ellipses,  of  which  governs  all  the  planetary  motions, 
which  the  sun  occupied  one  of  tne  focL  that  they  seem  to  have  t)een  universally 
The  impoitant  law  of  the  areas  was  appreciated  as  the  real  expression  of 
either  overlooked  or  disbelieved.     It  the  phenomena, 
may  justly  excite  our  astonishment,  that  John  Hevel  or  Hevelke  *,  commonly 
long  after  the  publication  of  Kepler's  called  He velius,  (a  senator  of  Dant sick), 
work  on    Mars,  Bouillaud,  a  French  was  the  most  assiduous  practical  astro- 
astronomer  of  great  erudition,  should  nomer  that  Europe  had  seen  since  the 
have  proposed  to  represent  the  celestial  death  ^f  Tycho  Brah6.    The  revolution 
motions  by  another  hypothesis  t.    He  in  the  art  of  observing,  caused  by  the 
conceived  each  planet  to  move  in  an  adaptation  of  telescopes  to  instruments 
ellipse,  (one  of  the  foci  of  which  was  oc-  for  measuring  angular  distance,  which 
cupied  by  the  sun.)  adapted  to  an  ob-  occurred  towards  the  latter  end  of  his 
lique  cone,  in  such  a  manner  that  the  career,  rendered  his  labours  less  valu- 
axis  of  the  cone  passed  through  the  able  than  they  would  have  otherwise 
other  focus.    The  planet  was  supposed  been ;  and  we  must  condemn  the  obsti- 
f  o  move  in  this  ellipse,  so  that  the  nacy  with  which  he  constantly  refused 
times  were  prouortional  to  the  angles  to  adopt  this  improvement    Yet  the 
described  round  the  axis  of  the  cone,  industiy  with  which  he  has  executed 
To  an  eye  placed  in  the  summit  of  the  some  laborious    undertakings,  such  for 
cone  the  planet  will  appear  to  move  example  as  an  accurate  delineation  of  the 
uniformly  in  the  circumference  of  a  moon's  surface,  deserves  our  gratitudet. 
circle.    We  see  here  the  last  remain-  While  observing  this  satellite,  he  was  led 
ing  traces  of  the  ancient  prejudice  in  to  the  discovery  of  a  phenomenon  which 
favour  of  circular  motions.   Seth-Ward,  had  escaped  the  sagacitv  of  Galileo.  This 
Bishop  of  Salisbury  and  professor  at  great  man  had  remarked,  that  though 
Oxfoid,  modified  the  idea  of  Bouillaud.  the  moon  always  presents  very  nearly 
He  made  the  planet  revolve  in  an  ellipse  the  same  face  to  the  earth,  yet  this  law 
similar  to  that  of  Kepler,  but  in  such  a  is  subject  to  some  smaU  variations,  which 
way  that  the  times  were  proportional  to  depend  upon  the  following  causes : — In 
the  angles  described  round  the  focus  not  the  first  place,  the  moon's  parallax  being 
occupied  by  the  sun{.    This  has  been  a  verv  sensible  Quantity,  a  spectator  sup- 
called  the  simple  elliptic  hypothesis,  posed  to  be  at  the  centre  of  the  earth. 
It  oti'ers  advantages  for  the  calculation  and  one  on  the  surface,  would  not  see 
of  the  true  anomaly  from  the  mean,  exactly  the  same  disc.    When  the  moon 
which   in  Kepler's    theory  was   sufii-  is  near  the  horizon  xhe  is  depressed  by 
ciently  difficult ;  but  it  is  not  the  law  of  parallax ;  the  eye,  being  above  the  oen- 
nature,  and  has  been  universally  aban-  tre  of  the  earth,  perceives  spots  and 
doned.    However,  it  enjoyed  for  some  mountains  on  the  upper  edge,  which 
time  considerable  vogue :  being  subse-  disappear  as  she  rises  towards  the  ze- 
quently  discovered  to  give  veiy  erro-  nith,  where  the  parallax  vaniKhes,  and 
neons  results  when  the  excentricity  was  other  spots  on  the  lower  edge  come  into 
considerable,  it  was  aeain  modified  by  view.    As  she  descends  again  towards 
Mereator^:    he  divided  the    distance  the  horizon,  the  latter  vanish,  and  the 
between  the  foci  of  the  ellipse  in  ex-  former  reappear.     This  is  called  the 
treme  and  mean  ratio,  so  that  the  point  diiumal  libration :  there  is  another  libra- 
of  section  fell  between  the  centre,  and  tion  in  latitude,  the  nature  of  which  is 
the  focus  not  occupied  by  the  sun,  easy  to  he  conceived,  which  arises  from 
Cassini  went  so  far  as  to  reject  altoge-  the  moon  not  moving  in  the  plane  of  the 
—  ecliptic:  when  she  is  some  degrees  above 

•«••  0»t  irticte  Morin  In  DtUmbrf^  Astrtsi  •  Born,  1611}  dl^  uTi^t! 

lloderne,  ▼ol.  II.  ,,„.,._  f  The  names  giYcn  to  the  tpou  on  the  moon  la 

t  Astron.  PhllolAlcft,  Uh.  i.  c.  17.  modern  map*,  are  not  thoae  ot  ^«^€^\a«  Vax  '«\c- 

t  Aauonom.  Ofowf^***  ^<^fS°*  *«•*  doU,  hImm  \A«%  ol  n»A\at  ^2b»m  tw» V*^^**^ 

I  A«uraoskaMU8.Loiidoa,M7S«  pniitis  to  OT#THT*fti  V*toi 
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this  plane  the  diic  fhat  we  see,  does  not  attractiTe  force   directed  to  the  tarn 

compriM  exactly  the  same  portion  of  These  notions  of  Hevelius  approiumate 

her  real  surface,  with  the  disc  seen  when  curiously  to  the  Newtonian  theory,  which 

she  is  be\ovf  it   These  phenomena  have  we  shall  subsequently  have  oceation  to 

been  designated  by  the  name  of  libra-  develope. 

tion :  the  former  is  called  the  diurnal  Gabriel  Mouton,  of  Lyons,  an  matro- 

libration ;  the  latter,   the  libration  in  nomer  of  considerable  merit,  but  little 

latitude.    The  observations  of  Hevelius  known,  flourished  about  the  year  16601 

led  him  to  the  discovery  of  a  libration  in  He  has  the  merit  of  having  mtroduoed 

longitude*.  Its  cause  is  this ; — ^The  moon  into  astronomy  the  method  of  detcsrmiii- 

revolves  unequally  round  the  earth,  while  ing,  by  interpolation,  the  place  of  a  pla- 

her  motion  of  rotation  on  her  axis  is  uni«  net  at  some  instant,  intermediate  (o  other 

form.    The  two  motions  being  accom-  instants,  for  which  its  place  is  given  in  the 

lushed  exactly  in  the  same  time,  it  fol-  tables.    It  is  unnecessary  to  make  any 

lows  that  the  same  part  of  her  surface  is  remarks  upon  the  extreme  importaiiee 

always  presented  to  the  centre  of  the  of  this  method,  which  is  of  daily  and 

orbit,  but  not  to  the  earth :  the  disc  seen  hourly  use  in  almost  all  astronomiesl 

from  these  two  points  coincides  only  calculations.    But  this  is  not  our  only 

when  the  satellite  is  in  the  line  of  her  obligation  to  Mouton :  he  waa  the  first 

apsides.  All  these  appearances,  of  course,  observer  who  used  the  pendulum  to 

are  merely  optical;  theory  indicates  a  determine  differences  of  right    aaoen- 

real  libration  in  longitude,  but  this  has  sion.    Hevelius,  indeed,  had  employed  a 

not  been  sensible  in  any  observations  pendulum  in  some  observationa  a  fcw 

hitherto  made.  years  before ;  but  we  do  not  know  how 

Hevelius  deserves  further  notice  here  he  measured  the  number  of  oscillations 

as  being  the  first  astronomer  who  had  a  made  in  a  given  time.    Galileo  had  &- 

correct  notion  of  the  nature  of  the  orbit  covered,  many  years  before,  that  the 

described  by  comets.  Tycho  Brah6  had  oscillations  of  a  pendulum  in  a  smiU 

demonstrated  that  these  bodies  existed  circular  arc  are  sensibly  isochronous; 

beyond  the  limits  of  our  atmosphere:  and  Huyghens  had  already  applied  the 

the  comet  of  1577  he  had  shown  to  be  invention  to  clocks.    But  those  docks 

three  times  farther  from  the  earth  than  were  unknown  to  Mouton,  who  employed 

the  moon.    Hevelius  showed  that  the  a  simple  pendulum :  he  determined  the 

comet  of  1664  was  five  times  farther  number  of  vibrations  in  a  given  time;  by 

from  us  than  this  satellite.    Tycho  sup-  counting  how  many  took  place,  whiw 

posed  them  to  move  in  a  circle :  Heve-  the  sun  traversed  a  known  are  of  the 

lius,  guided  by  analogies  partly  false  and  equator.    Having  ascertained  tlus  fiin- 

partly  true,  supposed  them  to  move  in  a  damental  point,  he  proceeded  to  observe 

parabola,  which  we  now  know  to  be  the  the  time  taken  by  the  sun*s  diameter  to 

real  lawf.    He  was  unwilling  to  believe  pass  the  meridian.    He  thus  found  the 

that  bodies  of  a  transitory  nature,  such  value  of  this  diameter,  when  the  earth  if 

as  he  conceived  comets  to  be,  could  re-  in  its  aphelion,  about  31'  31",  a  yalue  u 

volve  in  a  circle :  a  motion  in  that  or  any  accurate  as  any  that  can  be  assigned. 
closed  curve  belonging  only  to  such  as 

had  a  periodic  rotation  and  an  eternal  Chapter  XIII. 

duration.    He  rather,  therefore,  leaned  ^  .  .      -o  •    .-^   «     •  ^.         mr    .      . 

to  the  opinion  of  Kepler,  who  supposed  ^ri^^  ofSctentiftc  Sociehes^Naiumal 

the  orbits  to  be  rectilinear:  but  observ-  Obsermtones--Amltcatton  of  the 

ing  that  all  projectiles  on  the  earth  de-  lele^cope  to  the  Quadrant--- Gtueoyrie, 

scribe  a  parabola,  he  was  led  by  rather  Awsout,  Ptcard— Mventton  of  tha 

vague  but  fortunate  reasoning  to  the  Micrometer -- Pendulum     Ciocki— 

conclusion,  that  such,  also,  was  the  curve  iij^ygnens  —  Tramtt  Instrument  — 

described  by  comets.     As  the  path  of  a  Corner, 

projectile  is  determined  by  the  force  of  We  have  now  arrived  at  an  important 

impulsion  and  gravity  combined,  so  was  epoch  of  our  history.    The  latter  half  of 

that  of  the  comet,  by  the  impulsion  with  the  seventeenth  century  witnessed  a  com- 

which,  in  his  theory,  they  were  thrown  plete  revolution  in  astronomical  science, 

out  of  the  atmosphere  of  the  ])lanets  in  This  revolution  was  owing,  in  some  mea- 

which  they  were  generated,   and  by  an  sure,  to  the  foundation  of  scientific  «o- 

• cieties  and  national  observatories,  but 

•  De  Motu  Lun»  Libratorio  •,  Gedani,  1664.  principally  to  the  great  and  important 

f  Conietoffrapliia;  Gedani,  1068*,  VVb,  \i.p.Q^,  Ua^XQH^XQfiElU  Ul  the  methods  Of  Obser- 
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Vfttion.  The  utility  of  icientifie  societies  event  was  the  foundation  of  a  Royal 

is  sufficiently  evident ;  but,  perhaps,  it  Observatory  Ht  Paris.    There  can  be 

\k'as  still  greater  at  the  time  of  which  we  no  doubt  that  this  was  an  invaluable 

are  now  s|ieakinf;,than  in  the  present  day.  benefit  to  astronomy.    The  foundations 

"Without  the  constant  communication,  of  this  science  are  an  accurate  know- 

and  the  periodical  journals  that  apprise  ledge  of  the  distances  of  the  fixed  stars 

us  now,  not  merely  of  eveiy  interesting  from  each  other,  and  of  the  varyintc  po- 

discovery,  but  of  the  slightest  improve-  sitions  of  the  sun  and  planets.    The  lat- 

ments  in  scientific  meth^s,  the  philoso-  ter,  in  particular,  can  only  be  determined 

phers  of  the  seventeenth  centuiy  lived  by  long  series  of  observations,  carried  on 

in  a  state  of  isolation,  which  must  have  steadily  and  without  interruption,  from 

materially  retarded  the  general  progress  year  to  year,  and  even  from  century  to 

of  knowledge.    The  remarkable  obser-  century.     Without  such  observations, 

vat  ion  of  Horrox  on  the  transit  of  Venus  the  profoundcst  analysis  could  not  have 

was  not  published  till  thirty  years  after  constructed   those   tables  which  have 

it  was  made.    In  the  meanwhile,  the  now  been  brought  to  incredible  accu- 

important  conclusions  to  be  drawn  from  racy ;    by  which  the  astronomer  can 

it  were  lost  to  the  world .    The  ol)serva-  predict,  with  unerring  certainty,  t  he  place 

tions  and  discoveries  of  Gascoyne  (see  occupied  on  a  given  moment  of  a  future 

page  66)  were  still  longer  buried  in  ob-  year  by  the  most  refractory  planet,  and 

iivion.  the  navigator  steer  with  confidence  and 

The  foundation  of  the  Royal  Society  security  across  the  trackless  breadth  of 
of  London,  the  oldest  existing  scientific  the  Atlantic.  The  Royal  Observatory 
corporation,  has  been  referred  to  the  of  Greenwich,  which  has  rendered  greater 
meetings  of  several  distinguished  lovers  services  to  astronomy  than  any  similar 
of  natural  philosophy,  wno,  being  at-  institution  without  exceptioui^  was 
tached  to  the  party  of  the  king,  had  re-  founded  in  the  year  1675. 
tired  to  Oxford  during  the  reign  of  Orom-  But  these  observatories  could  not 
well.  On  the  restoration  of  Charles  II.  have  rendered  such  eminent  services, 
they  adjourned  to  London  ;  and,  having  without  great  improvements  in  the  instru- 
increased  their  number,  and  t)eing  much  ments  employed.  One  of  the  most  im- 
Ikvourcd  by  the  monarch,  who  h«^  some  portant  of  these  improvements  was  the 
taste  for  chemical  pursuits,  they  ob-  adaptation  of  telescopes  to  instruments 
tained  a  charter,  and  were  regularly  in-  for  measuring  angular  distance.  It  is 
eorporated  in  the  year  1662*.  Scientific  easy  to  conceive  the  advantages  gained 
societies,  something  similar,  had  existed  by  this  addition.  In  ])ointing  upon  any 
previously  in  Italy :  the  first  had  been  heavenly  body  the  moveable  radius,  the 
formed  by  the  Marchese  Frederico  Cesi,  extremity  of  which  measures  on  the 
as  early  as  the  year  1611,  under  the  limb  the  altitude  or  distance  required, 
name  of  the  Lyncean  Society:  of  this  the  exactitude  of  the  observation  evi- 
the  celebrated  Galileo  was  a  member ;  dently  depends  upon  the  magnitude  of 
but  it  seems  to  have  been  dispersed  at  the  angle  under  which  we  see  a  given 
the  death  of  its  founder  in  ]632t.  It  portion  of  space.  The  observer  then 
was  succeeded,  in  1657,  by  the  Accade-  who  is  employing  the  telescope,  will 
mia  del  Cimento,  of  Florence,  which  make  his  observation  with  an  accuracy 
owed  its  ori^n  to  the  distinguished  pu-  proportional  to  the  magnifying  power  of 
pils  of  Galileo,  Viviani  and  Torricelli ;  the  instrument.  This  circumstance  is 
and  enjoyed  but  a  short  though  brilliant  so  very  obvious,  that  it  must  always  re- 
career  of  about  ten  years.  The  date  of  main  a  matter  of  surprise  that  the  iu- 
the  foundation  of  the  Royal  Academy  of  vention  was  so  long  deferred.  Some 
{Sciences  at  Paris  is  posterior  only  by  doubts  have  been  raised  about  the  per- 
ibur  years  to  that  of  the  Royal  Society,  son  to  whom  it  is  to  t>e  ascribed.  It 
It  met  for  the  first  time  in  the  year  1 666^.  seems  pretty  certain  that  it  was  used  in 

Nearly  contemporaneous  with   this  Kngland  about  the  year  1640  by  Gas- 
, coyne,  an  astronomer  of  genius,  the 

•  The  met  dltlnguUhed  -nong  the  origial  J?"^;!^??"^/"'*  ^Ilf ""L?  r,      H:''''  ^ 

Mcmben  of  Uie  Royal  ttodeiy  w«rtBoyu,Hookt,  Craotree,  and  camed  oft  like  them  by 

Wr«o,  waiite.  Ward,  i«ordBroiiaek«r,ac.  a  premature  death*.    It  is  equally  cer- 

LiJ.'yGiir4?ri^'  "**• """""  ""^^  **  *^  tain  that  the  observations  and  discoveries 

t  AmoBf  lu  m«ab«rfl  were  Aotoat,  Pteaid,  Ro-  of  Gascoyne  remained  unpublished,  and 

iMnraU   Blcber,    fte.,    and    tbrec  dtatlagaialMd       1 

foraifBCffv,  invited  to  seUle  in  FrauG«  by  Lottia  XIV.  *  HefeU  at  the  li«LtU«  ot  1i«xt\«u\l«Mt,%Vt^ 

rueinl,  HttnilitBa,  and  Komer.  twtDty-tour. 
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unknown  to  the  c^entific  world,  when  veiy  helpfbl  when  the  tDooo  tppunib 

the  sitae  happy  improvement  was  in-  not,  or  it  ii  not  oltierwise  light  enough." 

troduced  in  France  by  Picard  and  Au-  Again,  in  anolher  letter,  dated  ChiiKt- 

lout,  about  the  year  ieB7*.  piai  eve,  1641 :  "  I  am  fitting  my  ki- 

But    the  moit    remarkable  circum-  tant  for  all  maqiter  of  observations,  bf 

alance  ii,  that  the  idea  of  adapting;  the  two  pen^icilla  wiih  tlireads.    A^d  alia 

telescope  to  the  sextant  was  published  I  am  cooFulting  my  workmen  about  tbc 

as  earl^  as  the  year  1G34  by  Morin,  who  making  of  wheels,  like  ji,  y,  i,  ■  of  dia- 

made  it  one  of  the  proposed  improve'  Rram  3"  (this  diagram  is  lost,)  "  to  um 

menti  on  whicii  he  rested  his  claim  to  two  glasses  hke  a  sector.    If  I  onct 

the  discovery  of  the  lonfcitude  t.    Yet  have  my  tool*  in  readincM  lo  my  iai^ 

this  propoution  seems  to  have  attracted  1  ahaU  use  them  every  wght.     I  im 

no  attention  at  the  time,  and  to  have  filled  my  sextant  by  the  Delp  of  tbi 

been  completely  overlooked  by  subse-  cane,  two  giatwt  in  it,  and  a  thiful,  n 

quent  auttiorp.     Delambre  we  believe  as  to  be  a  pleasant  instruinimt.  eanU 

to  have  been  the  first  to  notice  it.    It  ia  wood  and  a  country  joiner  or  woikniai 

important  to  remark,  that  Morin  never  please  me."    Again,  in  K  lett^  frn 

actually  practised  the  method  he  pro-  Crabtree  to  Gascoyne,  30th  Oetobo, 

posed;  while  we  shall  see  that  Gas-  1640:  "  Something  I  am  sure  you  wm 

cojne,  notwithstanding  Delambre's  as-  telling  me  concerning  a  way  of  otntrv- 

aertion  to  the  contrary,  really  did  use  \n%  the  places  of  the  planeta  hj  jam 

the  telescope  applied  to  the  quadrant  glasses One  ^ 

Morin  went  so  far  as  this ;  namely,  to  think  you  told  me,  wasby  ft  s^ 
attach  a  telescope  lo  the  alhidade  of  in  a  cane,  upon  the  index  of  , 
what  he  calls  a  planisphere,  an  instru-  tant,  by  which,  as  I  remember,  you  find 
ment,  he  aays,  which  perfonns  all  the  the  exact  point  of  the  sun'anyii  M 
office^  of  an  ecfuatoriei  armiJla  X;  but,  the  way  how  T  have  quite  forgoltB^  and 
and  this  is  the  important  circumstance,  much  desire I  canaol  coo- 
be  did  not  employ  it  to  measure  angular  ceal  how  much  I  am  transported  bCTCDd 
distance,  merely  to  follow  a  star  when  io  myself  with  the  remembrance 
the  field  of  view.  The  telescope  of  little  1  do  remember)  of  those  bl 
Morin,  thus  adapted  to  his  planisphere,  inventions  which  you  showed  ma  wboi 
had  apparently  some  analogy  wiih  the  I  was  with  you.  I  should  not  bavebe- 
equatoriallymountedtelescoptofmodem  lieved  the  world  could  have  afiuded 
timea.  Now,  Gascoyne,  it  appears,  had  sudi  exquisite  rarities,  and  I  know  not 
actually  used  the  telescope  in  tlie  oh-  how  to  stint  my  longing  de^rei  without 
aervation  of  altitudes,  &c.  But  as  tliis  some  further  taste  of  these  telected 
haibeen  virtuallydenied  byDelambre^,  dainties.  Happier  had  I  been  had  I 
who  even  will  not  allow  that  he  ever  never  known  there  had  lieoi  snc^  se- 
bad  the  intention  oC  applying  a  telescope  crets,  than  to  know  no  more  fant  only 
lo  his  aextant,  we  Ihink  it  necessary  to  that  there  are  such.  Of  all  denrea,  the 
put  before  the  reader  the  origbal  pas-  desire  of  knowledge  is  most  vebemoit, 
sages  from  the  correspondence  between  most  impatient;  and  bf  »11  kinds  of 
Gascoyne  and  Crabtree,  from  the  Phi-  knowledge,  ttiis  of  the  mathema^ca  af- 
hiopkical  Traniuetiont  for  1717,  No.  feels  the  mind  with  the  moat  inleue 
3S-2,  III.  In  a  letter  from  the  former  agitationa.  I  doubt  not  but  yon  can 
to  the  latter,  dated  25th  January,  1640-1:  experimentally  witness  the  truth  hereof 
after  speaking  of  his  micrometer,  which  and  one  time  or  other  have  been  no 
was  used  in  a  telescope,  he  says,  "  or  stranger  to  such  thoughts  aa  mine.  Anl 
if  here  a  hair  be  set,  that  it  appear  per-  therefore,  although  modesty  woi^  for- 
fectly  through  the  glass,  you  may  use  it  bid  me  to  request  any  thing  (until  yon 
in  a  quadrant,  for  tlic  finding  of  the  give  me  leave)  but  what  you  please  vo- 
altitude  of  the  least  star  visible  by  the  luntarily  to  impart,  yet  the  vehemence 
perspective  wherein  it  is.  If  the  night  of  my  desire  forcelh  me  to  let  you  know 
be  so  dark,  that  the  hair  or  the  pointers  how  much  I  desire,  and  how  highly  I 
of  the  scale  be  not  to  be  seen,  1  place  a.  should  prize  anytliing  you  woukl  be 
candle  in  a  lanthom,  so  as  it  cast  light  pleased  to  communicate  to  me  in  those 
sufficient  into  the  glass,  which  I  find  optJck  practices.    Could  I  purchase  it 

_— .  with  travel  or  procure  it  with  goW,  I 

l.y£'ui'^"%™Li^'^i!"lu»o"''«rM  """''*  ""^  long  be  without  a  teteacope 

t  i.ong.s^t,ii.,p.K.  '      1  li'id ,  p.  aiu  for  observing  small  angles  in  the  b«a- 

(.biroii,  uml.vui.  u.p.s».  veus;  noF  wftot  the  use  of  ygurotlut 
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kvioe  of  ft  gkn  in  ft  cane  upon  the  the  instrument,  ^ivhich  was  moveable  on 

noveable  ruler  off  your  sextant,  as  I  re-  its  support,  was  placed  in  a  vertiad 

nember,  for  helpinir  to  the  exact  point  plane ;  a  plumb-line  suspended  from  the 

>f  the  sun*s  rays.     These  passages  will  centre,  showed  whether  the  zero  point  of 

irobably  leave  no  doubt  in  the  mind  of  the  arc  was  exactly  below  it   When 

he   reader,  that  Gascoyne    had  con-  this  was  ascertained,  nothing:  further 

itructed  and  used  sextants  fitted  with  was  to  be  done  than  to  point  the  move- 

elescopes  for  the  purpose  of  measuring  able  radius  on  the  star,  and  read  off  on 

mgiilar  distance ;  and  if  he  did  so,  he  the  graduated  limb   the  altitude.    If  it 

vas  unquestionably  the  first.    That  his  were  wished  to  measure  the  distance  l>e-> 

liscoveries  were  not  published,  is  suf-  tween  two  stars,  two  pinnules,  one  at 

iciently  explained  by  his  early  death  on  the  centre  and  one  at  the  zero  point» 

l»e  field  of   battle,  and  the  political  were  substituted  for  the  plumb-line ;  the 

roubles  that  followed.    We  wish  to  vin-  instrument  was  placed  m  the  plane  of 

licate  his  memory  without  diminishing  the  two  stars ;    one  observer  pointed 

he  well-earned  reputation  of  Picard  and  upon  one  star  through  the  fixed  pinnules, 

Vuzout,  who  could  have  known  nothing  the  other  through  the  pinnules  of  the 

»f  Gascoyne  and  his  inventions.  moveable  radius  upon  the  other*.  Some 

It  may  be  necessary  to  observe,  that  in  ingenious  methods  had  been  introduced 

he  quadrants  used  by  the  older  astrono-  for  subdividing,  with  accuracy,  the  gra- 

ners,  by  Tycho  and  Hevelius,  the  move-  duated  limb  of  the  instrument.    Early 

klile  radius  carried,  at  each  extremity,  in  the  sixteenth  century,  Pedro  Nufiei 

lat  pieces  of  metal  projecting  perpen-  or  Nonius,  had  proposed  the  following 

licularly  to  the  plane  of  the  limb,  and  method  of  subdividing  the  limb  of  an 

acing  towards  each  other  *.    Each  of  astrolabium : — On  the  surface  of  the  in- 

hese  was  pierced  with  a  circular  aper-  strument,  supposed  tobeaperfect  plane, 

ure ;  a  very  small  one  in  that  near  the  he  traced  44  concentric  quadrants  ;  the 

ye.  and  one  something  larger  in  the  external  one  was  divided  into  90  parts, 

»ther  t.    In  making  an  observation,  the  the  next  into  89,  the  next  into  88,  and 

ftdius  was  moved  till  the  star  was  seen  so  on, — the  innermost  consequently  into 

hrough  both  hules,  and  as  nearly  as  46.    The  altitude  of  any  object  having 

possible  in  the  centre  of  the  larger.     Of  been  observed,  could  only  rbe  read  off 

ourse  measures  were  taken  to  asccr-  on  the  outermost  quadrant  to  degrees: 

ain  that  the  line  joining  the  centres  of  in  order  to  obtain  tractions  of  a  degree, 

he  two  circular  apertures  mentioned,  he  proceeded  thus : — ^The  moveable  ra- 

ras  parallel  to  the  plane  of  the  instru-  dius  is  pretty  certain  to  intercept  some 

Dent,  as  is  done  now  with  regard  to  the  one  of  the  concentric  quadrants  at  a  eom- 

iptical   axis  of  the  telescope.     There  plete  division ;  read  off  the  numt)er  of 

an  be  no  doubt  that  observations  might  parts  intercepted    on    that    quadrant; 

»e  made  with  some  accuracy  in  this  multiply  this  by  90,  and  divide  by  the 

ray ;  under  favourable  circumstances  numl>er  of  parts  in  the  whole  quadrant ; 

ad  with  a  good  observer,  the  error  this  will  give  you  the  altitude  to  frao- 

Dight  be  not  much  above  a  minute:  at  tions  of  a  degree i*.    Thus,  if  the  radius 

east  the  difference  was  always  less  than  intercept  exactly  23  parts  on  the  quad- 

his  between  the  observations  of  Heve-  rant  divided  into  87,  the  angle  mea- 

ius,  and  those  made  with  the  assistance  sured  will  be  22^.793 ;  the  fraction  isea- 

'f  the  telescope  by  Halley,  for  the  ex-  sily  converted  into  minutes,  or  any  other 

iress  purpose  of  comparison.  parts  of  a  degree  wished.    This  method 

Tlie  form  of  these    ancient  instru-  is  ingenious,  but  offers  in  practice  se- 

lents  was  of  the  simplest  kind;  they  vera!  inconveniences,  which  caused  it  to 

onsisted  merely  of   a  segment   of  a  be  soon  given  up  for  another,  the  author 

ircle,  generally  a  sextant  or  a  oua-  of  which  is  not  known :  it  was  certainly 

rant,  of   several    feet  radius,    solidly  employed  by  Tycho  Brah6  {,  but  seemi 

onstructed  in  metal ;  a  radius,  move-  to  have  been  invented  some  time  before 

ble  on  the  centre  of  the  circle,  carried      

ie    pinnules,   and   traced    out  with    its         •  a  good  deicriptlon  or  the  iDittumenU  used  in 

Ktremity,  on  the  divided  limb,  the  are  Uic»ixtrtnth  and  first  hmif  of  the  MTciit««iithceD- 

was  wished  to  meaj^ure.    Were  it  in-  g^^".?  GecUoi" U"8.'^'  "*"***"  c«ie.u.or 
mded  to  observe  the  altitude  of  a  star,       t  Nonius  de  creputcuiis.  bmIc,  ims.  p.382. 

■  t  De  Coinet4  Annl  1677.  p.  SS.    Frankfort,  1648. 

*  lliese  were  usually  called  pinnules.  For  an  account  of  the  dUbreot  persons  to  wImmi. 

iHoinetlmes  the  pinnules  weie  sUt  loogitudi-  the  division  by  transTcraiAft  \\Vk  \)«t^  i»xe^NMA.y 

T.    Y.  Beta, MadUM  Coel«»Ui,  c.  14,  ■««  LiOsAOLe,  A»VioMisiV««  Ki\,'Uafe,et  awv« 
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it  was  adopted  by  him.  It  consisted  in  The  diameter  of  the  ring  was  found  bj 
drawing  pMirallel  transverse  lines,  from  observina:  how  lonj;  a  star  took  to  cross 
each  of  the  points  of  division  on  the  the  field;  then,  vrith  a  compast,  the 
limb  of  the  quadrant  at  any  g^ven  angrle,  different  breadths  of  the  slip  of  meUl 
and  dividing  each  transversal  into  the  were  compared  with  the  diameter  of  the 
same  number  of  equal  parts ;  then,  by  ring.  Knowing  these  |iretty  exactly,  it 
observing  the  point  at  which  the  alhidade  was  easy  to  find  to  which  of  them  the 
or  moveable  radius  cuts  any  one  of  these,  diameter  of  any  given  planet  waa  equsl. 
it  was  easy  to  determine  the  correspond-  Very  soon  afterwards  this  method  wu 
ing  fractional  part  of  the  space  between  modified  by  Malvasia  in  Italy,  who,  in 
two  divisions  on  the  limb.  If,  for  ex-  the  place  of  the  ring  and  slip  of  metsL 
ample,  the  limb  were  divided  from  de-  substituted  a  number  of  fine  threads, 
gree  to  degree,  and  the  transverse  lines  cutting  each  other  at  right  angles,  and 
into  thirty  parts,  we  might  thus  rc»d  off  thus  subdividing  the  field  into  a  number 
the  arc  to  two  minutes.  This  method  of  small  squares :  the  ratio  of  these 
has  t)een  finally  supplanted  by  the  Ver-  squares  to  the  field  being  known,  it  wsi 
nier,  an  instrument  first  made  known  to  easy  to  estimate  the  apparent  magnitude 
the  public  by  Pierre  Vernier,  the  in-  of  any  object  by  the  number  of  these 
ventor,  in  the  year  1631.  It  is  unne-  subdivisions  that  it  occupied.  In  this 
cessaryto  explain  the  construction  of  an  form  of  the  instrument  Auzout  msde 
object  in  such  general  use;  we  shall  an  inestimable  improvement,  by  sup- 
merely  remark,  that  the  original  Vernier  pressing  all  the  threads  but  two,  in  t 
differed  slightly  from  that  now  employed,  parallel  direction, — one  fixed,  the  other 
in  having  the  divisions  counted  in  a  con-  moveable,  and  susceptible  of  YhbOi^ 
trary  direction  to  those  of  the  limb,  and  placed  by  a  screw  at  any  distance,  but 
also,  from  having  the  number  of  divi-  always  remaining  parallel  to  the  flnt 
aions  less  by  one  than  the  corresponding  If  it  were  rcquii-ed  to  measure  the  sp- 
number  on  the  limb,  instead  of  exceed-  parent  diameter  of  a  planet,  one  limb 
ing  them  by  one,  as  they  are  now  was  brought  into  contact  with  the  fixed 
usually  constructed  *,  thread,  and  the  moveable  thread  pbeed 
The  invention  of  the  micrometer  is  so  as  just  to  touch  the  other  limb;  the 
perhaps  not  inferior  in  importance  to  distancet)etween  these  two  threads  might 
the  application  of  the  telescope  to  the  always  be  compared  to  the  diameter  of 
quadrant.  This  instrument  was  first  the  field,  as  in  the  method  of  Huygbens; 
constructed  by  the  in^'enious  and  untbr-  or  as  Auzout  himself  remarks,  by  a 
tunate  Gascoyne.  But  though  there  knowledge  of  the  focal  length  of  the  te- 
can  be  no  doubt  about  this,  yet  as  it  re-  lescope,  and  the  distance  of  the  threads, 
mained  unknown  till  after  the  rediscovery  we  might  get  at  once  the  apparent  angle 
of  the  same  instrument  on  the  Continent,  under  which  the  body  is  seen  *. 
we  shall  defer  speaking  of  Gascoyne  till  This  invention  making  considerable 
we  have  considered  what  was  done  by  noise  in  £uro|)e,  Mr.  Townley  inserted 
Huyghenst  and  Auzout.  The  former  in  the  Philosophical  Transactions  for 
of  these  philosophers  led  the  way  by  1667 1,  some  account  of  a  micrometer 
ohsenring,  that  anything  placed  in  the  by  Gascoyne,  which  he  explained  more 
interior  of  a  telescope,  at  the  focus  of  fully  in  a  subsequent  number  {.  In  all 
tlie  object-glass  and  eye-<;lass,  was  mag-  the  essential  parts,  this  is  clearly  iden- 
nitied  in  the  same  way  as  the  distant  tical  with  that  of  Auzout ;  and  it  is  also 
body  on  which  the  instrument  was  to  be  remarked,  that  this  instrument  hsd 
pointed  J.  Atlhis  focus,  then,  he  inserted  not  only  been  actually  constructed,  but 
mto  the  tube  a  circular  ring,  traversed  i^lso  used  by  Gascoyne  for  measuring 
by  a  slip  of  melal  of  unequal  breadth,  the  diameters  of  the  moon,  Jupiter, 
Venus,  and  Mars  6.    There  can  be  no 

«  The  instrumeut  of  which  we  ure  upeakiiig  hujt  doubt    Rs  wt»  havp  tw^fitt^  «.f  ut^^f    #u^*«k« 

been  often,  though  erroneously,  culled   Nonius  j  ?,     "v  «»  WeUaVC  UClOre  Stated,  thattlie 

tiiiii  iMt name  hiui  Htm  more  frequently,  ami  quite  Continental  astrouomers  knew  nothing 

m.  mistakenly  been  given  to  the  divi«ion  J.y  iran«.  of  what  had  been  donc  in  England  :  in 

▼erne  linea  J  the  real  Nonius  m  the  dvsiou  by  cou-  .f^^*    th..  ly^      id      -4       "*-•  "6  *«»«*•  *" 

centric  arcs  of  circicH.                             *  tact,  the  Roval  Society  of  Londou  was 

i*tP^'!"***"  H"y«i*en«  waa  born  at  the  Hague  in  in  equal  ignorancc  before  the  publication 

'Tin:f'ti".S^,  r«o..cc..  .h.c  .he  a.tro„o-  "J  Mr.  Townley',  Memoir.     So  f.r  h»i 

lengths.      This  conibiualion  was  originally  inia-  +*  Vn  25  n  H7             *  la^  on 

W«,  mo.  at.  •te«aHUU.ri.O«l«U.,Tol.l.p.4.' 
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(xaseojme  anticipated  the  Fkreneh  disco-  other  contrivances  might  be  conceived 

▼eries,  that  he  had  even  sugicested  the  to  be  adapted  to  it  for  the  same  purpose, 

application  of  the  micrometer  threads  to  The  second  difficulty  it  must  be  con- 

the  telescope  of  the  quadrant,  an  im-  fessed  Galileo  never  fairly  overcame,  aa 

provement  asnally  referred  to  Louville,  he  talks  of  having  an  assistant  to  ^ive 

who  proposed  it  towards  the  beginning  the  pendulum  a  smart  push  from  time 

of  the  eighteenth  century.  .to  time,  a  method,  the  inconvenience  of 

In  the  course  of  this  work  we  have  which  it  is  unnecessary  to  characterize, 
seen  the  various  contrivances  to  which        In  the  invention  of  Huyghens  thia 

the  older  astronomers  were  forced  to  ^as  completely  and  elegantly  mastered, 

have  recourse,  from  the  want  of  any  To  understand  how  it  was  effected  it 

exact  method  of  measuring  time.  Before  is  necessary  to  call  to  mind  the  manner 

Huyghens  no  clocks  were  constructed  in  which  in  previous  times  the  motion 

whose  rate  was  sufficiently  regular  to  of  clocks  was  regulated.    The  weight 

make    them    serve    for    astronomical  which  was  the  prime  mover  of  the  system 

purposes.     It  would  appear  that  the  was  connected  with  a  vertical  toothed 

Landgrave  of  Hesse  and  Tycho  made  wheel :  the  balance  was  a  vertical  arbor 

fruitless  attempts  to  procure  clocks  upon  with  two  pallets*,  carrying  a  cross  bar 

which  they  could  rely,  and  that  tney  with  weights  at  top :  as  the  wheel  re- 

subsequently    a)>andoned    the  idea    in  volves,  imagine  the  upper  pallet  to  be- 

despair*.    They  determined  the  differ-  come  engaged  in  its  teeth,  the  bidance  is 

ence  of  positions  at  night  by  taking  the  forced  to  revolve  till  the  opposite  pallet 

distances  to  two  known  fixed  stars :  if  it  becomes  engaged  below  against  the  per- 

were  wished  to  refer  them  to  the  sun,  pendicularsideof  a  tooth;  the  motion  of 

this  was  done  by  means  of  Venus,  as  the  balance  is  then  suddenly  checked, 

explained  in  a  preceding  chapter.    Gali-  and  it  is  forced  to  revolve  in  the  opposite 

leo  had  first    remarked  that  when  a  direction  till  stopped  again  by  the  upper 

pendulum  vibrates  in  a  small  circular  pallet.    At  each  of  these  turns  of  the 

arc,  the  oscillations    are  isochronous,  balance  the  weight  is  brought  to  rest : 

He  at  once  conceived  the  possibility  of  consequently  instead  of  descending  with 

applying  this  property  to  the  measure-  continually  accelerated  velocity,  it  moves 

ment  of  time,  and  the  improvement  of  as-  nearly  uniformly ;  and  by  the  common 

tronomical  observations.  But  to  the  use  mechanism  used  in  these    cases,  the 

of  the  simple  pendulum  in  this  way,  there  clock  may  be  made  to  indicate  the  num- 

vrere  two  principal  objections.  First,  that  ber  of  oscillations  of  the  balance,  which 

the  pendulum  kept  describing  smaller  and  evidently  must  always  be  of  nearly  eaual 

smaller  arcs,  and,  finally,  came  to  rest :  duration.    However,  as  we  have  before 

secondly,  that  it  was  necessary  to  count  mentioned,  the  accuracy  of  these  clocks 

every  vibration,  a  process  manifestly  im-  was  not  sufficiently  great  for  astronomy. 

possible  if  the  time  were  considerable,  Huyghens  had  the  happy  idea  of  substi- 

and  always  very  troublesome  and  inac-  tuting  for  the  old  balance,  a  pendulum, 

curate,    t'his  last  difficulty  Galileo  pro-  the  osciUations  of  which  being  necessa- 

posed  to  remedy  by  a  contrivance  of  rily  isochronous,  the  beats  of  the  clock 

this  kind.    The  pendulum  was  to  carry  b^uune  strictly  equidistant,  and  its  mo- 

a  delicate  needle  at  right  angles  to  its  tion    uniform.     To    understand    how 

axis,  which,  in  passing,  strikes  a  rod  fixed  Huyghens  adapted  the  pendulum  to  the 

at  one  end  and  with  the  other  resting  on  common'  dock,  we  must  suppose  the 

the  teeth  of  a  lifi:ht  horizontal  wheel,  vertical  arbor  and  pallets  to  remain  as 

Hie  rod  being  forced  against  the  per-  before,  but  the  cross  bar  at  top  to  be 

pendicular  side  of  a  tooth  moves  it,  (and  taken  away  and  replaced  by  an  hori- 

consequently  the  whole  wheel,)  but  in  zontal  pinion  wheel.    The  pendulum  a 

returning  it  slips  over  the  oblique  side  little  below  its  point  of  suspension  passes 

and  falls  at  the  foot  of  the  following  through  a  horizontal   axis   connected 

tooth,  so  that  the  motion  is  always  in  with  a  vertical  rack  working  into  the 

one  direction.     The  number  of  teeth  pinion  we  have  mentioned.    The  oscil- 

passed  will  then  show  the  number  of  lations  of  the  pendulum  cause  the  axis  • 

vibrations  that  have  elapsed.    It  is  easy  and  rack  wheel  to  vibrate  with  them» 

to  see  that  an  index  might  he  attached  and  b^  means  of  the  pinion  the  pallets 

to  the  axis  of  the  tooth  wheel,  like  the 

second  hand  of  a  clock,  or  varions      •  TbcM  two  pmiieutre  placed  mm ta  «D«i«fc« 

■ one  with  the  uvv«»^«  <AXi« 'wHttk  ^OamNwiwa 

•  Pe8teU#KoTlApiill^7i;c.2.p.  lOff,  twmllyorthttocttiftA^YiwsV. 
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to  engage  alternately  in  the  toothed  wheel    Pieard  had  been  the  lint  to  ted  flie  id- 
ai  before*.  Tantaf^of  jobsetrvationif' mflde  ocdiu 

Some  time  after  the  death  of  Galileo,  sively  in  the  meridian;  and  to  propoae  to 
A  very  unfounded  claim  was  raised  on  determine  differencet  of  tiffiii  ascensiflQ 
his  behalf  in  Italy,  to  the  invention  of  by  the  intervals  betwieen  the  tlwiaits  id 
pendulum  clocks.  Count  Lorenzo  Ma-  a  telescope  attached  to  amnral  duadnnt 
nlotti,  secretary  to  the  Accademia  del  in  that  plane.  In  this  way  the  right 
Cimento,  and  afterwards  Tuscan  minister  ascension  and  dedinat ion  naisht  be  f oniod 
At  Vienna,  distinctly  attributed  this  im-  by  a  single  observation.  He  had  pre- 
provement  to  Galileo  and  his  son  Vin-  viously  ascertained  the  possibility  of 
eenio.  But  the  letters  of  Galileo  himself  seeing  the  fixed  stars  and  planets  in  the 
Are  sufficient  to  disprove  the  assertion  ;  dav- time  in  the  field  of  a  telescope,  which 
it  is  quite  clear  from  them  what  his  indeed  had  been  done  before  fanf  Morin ; 
elock  was,  and  how  much  it  differed  Morin's  discovery,  however,  had  lieen 
from  the  pendulum  clock  of  Huyg;hens :  completely  forgotten  in  the  intenral,  and 
of  this  the  reader  may  judge  from  the  Pieard  appears  to  have  known  nothing 
description  we  have  given  of  both,  of  it.  But  from  some  causes,  which  we 
Galileo  had  proposed  to  employ  the  pen-  are  not  now  able  to  appreciAte,  the  latter 
dulum  for  the  measurement  of  time,  this  was  unable  to  realize  his  intentions,  and 
is  undoubted :  it  seems  quite  as  certain  the  mural  quadrant  was  first  employed 
that  he  never  intended  to  substitute  it  for  in  the  observatory  at  Paris  by  his  soo- 
the balance  of  an  ordinary  clock.  It  is  cessorLa  Hire*.  In  the  meAn  time  Pieard 
in  this  substitution  that  the  merit  of  employed  a  telescope  fixed  in  the  pSane 
Huyghens  consistst.  of  the  meridian,  "  lunette  murale,'*  for 

Trie  transit  instrumentwas  the  last,  and  the  observation  of  altitudes;  of  the 
certainly  not  the  least  important  of  those  construction  of  this  instrument  we  aie 
discoveries  which,  towards  the  end  of  the  ignorant,  it  seems  to  have  had  some 
seventeenth  century,  effected  a  complete  kind  of  graduation  attAched  to  it,  as  be 
revolution  in  practical  astronomy.  It  is  was  able  to  measure  altitudes  between 
not  our  intention  here  to  explain  the  con-  56"*  and  61°.  Romer  the  friend  ud 
Btructibn  and  uses  of  an  object  so  well  assistant  of  Pieard,  in  attempting,  some 
known ;  we  shall  merely  remark,  that  this  years  afterwards  at  Copenhagen,  to 
Andtheclock  may  be  said  to  be  the  capital  improve  the  mural  quadrant,  feUupon  a 
instruments  of  an  observatory.  Indeed,  construction  analagous  to  that  of  the 
with  these,  an  astronomer  miG:ht  almost  transit  instrument.  At  right  angles  to 
dispense  with  any  other..  The  transit  an  horizontal  metallic  cylindrical  axis  of 
placed  in  the  plane  of  the  meridian  Rives  five  feet  long,  and  an  inch  and  a  half 
him  his  time;  in  the  prime  vertical,  his  thick,  he  fixed  a  telescope,  (revolving  in 
latitude.  In  the  former  plane  he  can  the  plane  of  the  meridian,)  not  however 
measure  the  differences  of  right  ascen-  in  the  middle,  but  neariy  At  one  end  of 
sion;  in  the  latter  the  declinations  of  the  axis;  the  extremities  of  the  latter 
alarsj.  Olaus  Rtjmer,  rendered  illustri-  rested  on  firm  supports  let  into  the 
ous  by  other  discoveries,  was  the  in-  wall,  resembling  the  modern  Vs.  This 
ventor  of  this  invaluable  instrument},   axis  carried  besides  the  telescope,  and 

.  ^ ,  .   ■  , — ~ — : — 7-  towards  the  other  extremity,  an  arm 

•  The  construction  explained  bv  Huygbenn  in    -»-«:««♦;-—   -*  mI^i,*  «m»i«-    *u1\i a .:»- 

the  Horoiogium  ObciiiatoVium  in  an  Improvement  Projecting  at  right  angles,  the  extremity 

upon  that  given  in  the  text.    The  horizontal  axis     Of  whicll  Carried  A  microSCOpe,   And  COF- 

•ttachedto  the  pendulum  Carrie- two paiietH  which   responded  to  the  segment  of  A  circular 

tngage  alternately  the  teeth  Ufa  horizontal  crown  *«       i        li      l    j     *       *t-             17    ^iT^ 

wheel,  carried  on  the  vertical  arbor  of  which  we  arC  nrmly  attacned     tO    the    WAU;    thW 

have  »pokeu :   the  pendulum  in  buspended  by  a  affording  the   Opportunity  of    measuring 

threadof  aome  inches  length,  which  winds  and  un-  «u:f.,rlor  «»  ««n  „«  ,i:«v,'L.^    ^        r ---ui 

windH  alternately  along  two  cydoidai  cheeks.         altitudes,  as  Well  as  difterences  of  right 

t  The  reader  who  feelf*  Interested  in  thl«  discus-     aSCeUSlOn.       The     field     WaS     tfUVersed 
■Ion  la  referred  loan  article  by  Van  Swinden  in  the    bv    three    horizontal      and     fpn    vprfU!ll 

Edinburgh  rwioaophicaijournai.  vol,  vi.  p.  ii»7.    °/   ^  ,       nonzoTiiai,    auQ   ten  vcruui 
The  question  iH  aiHo  well  Htutcd  in  the  life  of  Ga-    ttireaus ;    OUT,    in    Observing    transils, 

llleo,  chap.  18.    The  jnyention  of  Huyghens  took  three  Onlv  WCrC  USCd  I  the  edUAtorial  ID- 

pkcelntheyear  Hj5/,\.Horolog.  Oscill.p.  1.  ♦«^„„i    „f  4U«««  .„«.-    o4    ^^     j         »iv- 

.    i  We  do  not  mean  to  nay  that  this  would  be  a  ^^^^^^^   of   thCSC  waS    34    SCCOnds.      ThC 

good  method  of  determining   the  declinations  of  threads  WCrC  illuminated    bv   A  COnCAVe 

u^'::j^.':lrZn^:^:S'TLlAX:.^^}^r  "Peculum  ju^ beWnd  the  object  Kim 

sUft  that  had  not  some  northern  declination.  pertorated  lU   the  Centre,  With  the  COH- 

AxL^'^^.i^'^  S  ^*"k-  "*,  '*'"  *'°'°  i"  i6-»4.  cavity  towards  the  eye,  which  reflected 

dieaial^iO  at  Copenhagen:  he  was  a  member  of 

the  French  Academy  of  Sciences,  and  for  some  ' 

time  iTM  attached  to  th«  obsciy aUr^  ax  ¥ax\a,  ^  \a,>3^  ^««k  1683, 
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the  light  from  a  laptem  over  the  centre  vented  by  Galileo  was  not  tutceptible  of 
of  (he  instrument,  the  np{)er  part  of  the  bein?  carried  to  any  great  perfection.  It 
tiibe  being  cut  iiway  to  give  a  free  pas-  would  hardly  be  possible  to  use  with 
lage  to  the  rays.    The  microscope  was  this  construction  a  greater  magnifving 
a  sort  of  vernier,  as  it  carried  in  the  field  power  than  from  30  to  40  times,  which 
eleven  divisions  bj  threads  Just  corre-  was  the  power  employed  by  the  original 
spending  to  ten  divisions  on  the  hmb.  discoverer.    Kepler  seems  first  to  have 
The  construction  of  this  instrument  was  suggested  the  combination  of  two  convex 
afterwards  improved  upon  by  Romer  at  lenses,  which  constitutes  the  principle 
his  observatory  in  the  country.     The  of  the  astronomical  telescope :  but  there 
axis  of  this  second  instrument  was  com-  is  no  reason  for  believing  that  he  ever 
posed  of  two  equal  cones  joined  by  their  executed  an  instrument  of  this  descrip- 
t>ases ;  at  right  angles  to  the  axis,  and  tion.    However,  the  idea  was  soon  rea« 
at  one  extremity  of  it  was  a  circle  of  five  lized  by  other  astronomers ;  and  a  very 
feet  diameter,  carrying  a  telescope  of  great  improvement  in  the  power  of  the 
about  the  same  length :  the  graduation  telescope  was  the  consequence.  A  Nea- 
of  tins  circle  was  read  by  two  micro-  politan,  named  Fontana,  laid  claim  to 
tcopes,  fixed  to  the  supporting  pillar,  the  honour  of  having  first  made  an  in- 
anu  the  instrument  of  course  was  placed  strumcnt  on  these  principles  in  the  year 
so  as  to  move  nearlv  in  the  plane  of  the  1 60S ;  others  have  attributed  it  to  Father 
meridian.    In  this  form,  the  instrument  de  Kheita ;  but  Montuda  is  of  opinion 
bore  some  resemblance  to  the  circles  that  Scheiner,  the  author  of  the  Rosa 
lately  constructed  by  Reichenbach ;  its  Ursina,  was  the  first  who  reduced  to 
principal  difference  from  them  consists  practice  the  theory  of  Kepler*.    But, 
in  the  telescope  not  beine  placed  in  the  on  executing  these  telescopes  on  a  large 
middle  of  the  axis.     The  adjustments  scale  as  was  done  by  Campani    and 
"vrere  made  in  the  manner  that  has  been  others  towards  the  latter  end  of  the  seven- 
followed  ever  since.    The  deviation  of  teenth  century,  it  was  found  necessary, 
the  optical  axis  was  corrected  by  re-  in  obtaining  any  considerable  aperture, 
▼ersinfi:  the  instrument ;  the  deviation  to  give  the  object-glass  such  an  enor- 
f rom the  meridian,  ascertained  bv  transits  mous  focal  length,  as  to  make  the  instru- 
of  «  Lyrae  above  and  l)elow  the  Pole :  ment  very  heavy  and  unmanageable.  To 
the  verticality  of  the  circle  was  observed  overcome  this  difficultv,  it  was  proposed 
"vvith  the  plumb-lme;    and    hence  the  bv  Huyghens  and  others,  to  suppress 
horizontality  of  the  axis  established.  All  aftosrether  the  tube  of  the  telescope :  the 
these   adjustments  having  been    com-  object  glass  being  attached  to    some 
pleted,  Rumer,  in  order  to  try  the  good-  solid  support,  the  observer  was  to  place 
ness  of  his  instrument,  proceeded  to  his  eye  in  the  focus,  and  there  magnify 
make  a  series  of  observations,  during  the  image  with  a  lens  or  combination  of 
three  consecutive  days,  the  excellence  of  lenses,  according  to  the  usual  method  t. 
which  was  the  most  satisfactory  proof  of  In  this  way  Huy&:hens  constructed  tele- 
his  success.    It  could  not  be  expected  scopes  upwards  of  a  hundred  feet  long, 
that  the  altitudes  should  be  given  by  this  The  diflSculties  of  managing  such  an  in- 
instrument  as  exactly  as  by  the  mural  strument  are  easy  to  conceive,  and  ap- 
quadrant :   but  the  agreement  of  the  pear  to  us  at  the  present  day  almost  in- 
transits  is  really  very  remarkable,  the  surmountable ;  yet  that  they  were  over- 
mean  error  not  much  exceeding  half  a  come  by  patience  and  ingenuity  it  suffi- 
second  of  time  *.  ciently  shown  by  the  remarkable  disco- 
veries of  himself  and  Cassini.    The  ap* 
CHAPTsa  XIV.  pearances  exhibited  by  Saturn  in  the 
Saturn's   Ring    and  Sateliites — Huy-  telescope  had  been  inexplicable  to  Ga- 
ghens — Coisini — Rotation    of  Jupi-  lileo  and  succeeding  observers.  A  variety 
ter.  Mars,  and  Venus — Refractions —  of  conjectures  had  been  thrown  out  on 
Parallax  of  the  Sun— Zodiacal  Light  the  subject.      Roberval  imagined  the 
— Libration  of  the  Moon—R'dmer —  equator  of  Saturn  to  be  surrounded  by 
Successive  Transmission  of  Light.  a  mass  of  vapours  which  reflected  to  us 
The  telescope  in  the  form  originally  in-  the  solar  light :  Cassini  that  the  planet 

*  For  a  very  dctmUcd  account  of  the  lutTomcoti  *  Vol.  ill.  p.  284.    The  Bona  Unina  of  Scheiner 

and  obecrratlons  of  Rumer,  lee  the  work  of  tail  waa  publUhed  In  1C50. 

pupil  and  anUUDt,  Rorrebow,  enUUcd  '  Bails  t  It  It  to  be  understood,  thst  though  there  was 

Astronomln,'  Copenhagen,  1736 :  a  treatise  Tery  no  tube,  there  was  machlnei^^b^  vb\cX\>^  ^M^^kx 

Interesting  on  many  accounts  to  the  utronomJcal  glass  could  bt  luzutj^  m  «a  \a  ^^uV  wl^k^  c^j)^^^ 

rsaUcr,  Tcqolxtd, 
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was  iQiTonnded  by  a  string  of  satellites  number  to  ftfe* :  nor  are  time  alL  for 

very  close  to  each  other.     Huytrhens  in  later  times  Herschd  has  added  tva 

havini;  observed  Saturn  carefully  with  a  The  satellite  of  Huyghens  is  tiie  nth 

lifood  telescope,  perceived  the  real  native  from  the  planet,  and  the  most  ooondtt- 

of  the  appearances.  He  announced  that  able  of  any.    With  the  ezeeplioa  of  tbs 

Saturn  was  surrounded  by  a  slender  seventh  they  all  appear  to  lie  m  the  plaM 

plane    ring,   nowhere  adhering  to  its  of  the  ring.    Their  respective  times  of 

surface,  and  inclined  to  the  plane  of  the  revolution   are    roughly  twentj-threa 

ecliptic.      This  inclination   Huyghens  thirty-three,  forty-five,    and   sizty*flTi 

supposed  to  be  about  23° :  modem  ob-  hours :  four  and  a  hidf^  sixteen*  aid 

servers  have  made  it  about  28° :  the  dis-  seventy-nine  days  f. 

tance  between  the  ring  and  the  planet  he  Cassmi  {  of  whom  we  have  jast  b«o 

estimated  to  be  equal  to  the  breadth  of  the  speaking  was  one  of  the  greatest  ob* 

ring,  which  is  about  one-third  of  the  servers  that  Europe  has  prodnoed.    To 

diameter  of  the  planet.    Whenever  the  him  we  owe  a  quantity  of  interesting  and 

plane  of  the  ring  produced  passes  ei-  important  fects  regarding  the  system  of 

ther  through  the  sun  or  through  the  which  we  form  a  part.  By  the  assidnoni 

earth,  the   ring  will  disappear,  being  observation  of  spots  on  the  anrfaoeof 

too  thin  to  reflect  any  sensible  quantity  Jupiter,  he  ascertained  that  tUs  plaoct 

of  light  from  its  edg:e.    But  in  other  revolves  on  an  axis  nearly  perpenoicabr 

positions,  particularly  when    the  earth  to  its  orbit  in  about  ten  hours.    In  a 

IS  90°  from  the  nodes  of  the  ring,  it  similar  way  he  ascertained  that  Blais  n- 

becomes  extremely  distinct ;   the  blue  volved  in  about  twenty-four  hours  on  aa 

of  the  sky,  and  even  occasionally  small  axis,  like  that  of  Jupiter,  neariy  pei  uciidi« 

stars,  being  l)eautifully  visible  between  cular  to  its  orbit$.    The  observations  of 

it  and  the  planet.    The  great  improve-  spots  on  Venus  were  much  more  diffienlt, 

ment  of  telescopes  in  modem  times  has  for  when  this  planet  is  brightest  she  is 

enabled  astronomers  to  add  some  facts  to  so  near  the  sun  as  to  make  it  ahnoit 

those  discovered  by  Huyghens.    It  has  impossible  to  observe  her ;   and  whm 

been  found   that  the  ring  is  double,  she  is  farthest  from  that  body  her  diik 

being   in  fact  composed  of  two  con-  is  dichotomized.  However,  Cassini  sne- 

centric  rings,  very  discernible  in  a  good  ceeded  in  discovering  that  the  rotation 

telescope :  the  breadth  of  the  exterior  took  place  nearly  in  twenty-four  hours 

being  rather  less  than  that  of  the  inte-  round  an  axis  very  much  inclined  to  the 

rior.    It  has  also  been  ascertained  that  ecliptic.    It  is  to  him  likewise  that  we 

the  ring  revolves  round  an  axis  per-  owe  the  first  observation  of  the  division 

pcndicular  to  its  plane,   and    passing  in  Saturn's  ring ;  and  of  the  flattened 

through  the  centre  of  the  planet,  in  about  form  of  Jupitefs  disk ;  he  determined 

ten  hours  and  a  half.    It  is  sufficiently  this  to  be  an  ellipse,  the  major  axis  of 

remarkable  that  this  is  the  period  in  which    corresponded    to  the    equator, 

which  a  satellite,  assumed  to  be  at  a  and  was  to  the  minor  axis  in  the  ratio  of 

mean  distance  equal  to  the  mean  distance  1 5  to  14  H  .    We  shall  see  the  importance 

of  the  ring,  would  revolve  round  the  pri-  of  this  observation,  when  we  oome  to 

marv  planet,  according  to  the  third  law  consider  the  figure  of  the  earth.    The 

of  Kepler.  importance  of  the  eclipses  of  Jupiter*! 

The  attention  with  which  Huyghens  satellites  for  finding  terrestrial  longitndei 

watched  the  system  of  Saturn  was  re- 

warded  by  a  second  discovery ;  that  of  /  h*«*-  d«  I'Acad.  dea  SdencM,  toin.Lpp.li^ 

a    satellite,    which    revolved    round    the  '^'TSedilicoverie.  of  Hnyghen.  with  renrd  to 

planet,  in  the  plane  of  the  rincr,    m    the  Saturn  were  made  in  theyrarltf64|  heemploycd 

space     of    about     sixteen     days.       The  »««»""?» of  iwenty-OireeJfeet  in  length,  wilh  in 

i'      ■/•  1         4-                     L-   1      T>r'    1              J  aperture  of  four  inches.    They  are   foaadinlltt 

lanciful    notions    in    which    Kepler    and  Sy^tema  Saturnlnm.  Hague.  1«». 

others  had    indlllired   so    much  were  not  j  He  wa«  born  in  ihe  county  of  Nice  in  Ids.  and 

vet  cuiite  exnlodeil      mid  llnvirhpn«j  vpn  naUinWred  In  France  ;  he  died  at  Parte  In  irtt 

>ei  ijuiie  iximmeu,    una  llUVL'nens  ven-  ^  ^  j,  really  inclined  between  30°  and  3U<' t«  ft 

t urea  to    predict   that  there  could   be  no  The  English  avtronomer  Hook  ha*  a  claim  to  Mve 

more   satellite*?,  as  the  number  known  »h"eo^thediBcoTeryoftherouiionofjnpiters»d 

...«»  :..«4    .         1    4     4U   «      r   «L  Murs.    His  obserrations  were  nearly  contemDon- 

was  just    ecjual    to  that    of   the   primary  neous  with  tho»e  of  Cassini,  but  much  le-aSilI^ 

planets,      litis  was    an  unfortunate  pre*  'ous  and  complete)  the  rcaulta  at  which  Hook 

diction*  for  not   morp    thsin  thrpe    vpnr«  ■"*▼«<!  with  regard  to  the  times  of  roUtion  vrrt 

uiLUon.  lornoi   more    man  inree    years  mire  approximations,  v.  Philosoph.TraDaact.Nofc 

atter  it  was  made,    Lassini   discovered  a  i,  vlil.andxiT.    For  the  discoTeries  ofCaysiniea 

second,    and    SUhsequentiv    three    more  ***^  rouilon  of   Jupiter.    Venns.  and  Mars,  aoo 

^.1,.          .u        I                              ^1           II  tlem«'in»  d'Aslronomle,  vol.  i.  pp.  40S,  457.  411. 

safcJjifes,   thereby   carr^m?    the  whole  v  ir^e  ratio  now  adniued  IsTt?  to  U7. 
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induced  Cainni  to  study  this  elegant  deviation  observed  if  proportional  to  th« 
system  with  peculiar  attention.  He  de-  odd  powers  of  the  tanif^nt  of  the  zenith 
termined  the  times  of  their  revolutions :  distance  of  the  star  from  which  it  pro- 
he  shewed  that  all  moved  in  the  same  ceeds.  If  we  only  take  into  account 
plane  inclined  about  3°  to  the  orbit  of  the' two  first  terms  of  the  series,  two 
the  primaiy  planet,  and  fixed  the  lon^  observations  will  determine  their  two 
tude  of  the  mtersection  of  these  planes,  coefficients,  and  then  every  thing  is 
He  succeeded  by  assiduous  observation  known  in  the  formula*.  The  form  of 
in  mastering  all  the  difficulties  of  their  the  series  shows  that  the  refraction  con- 
motions,  and  finally  published  exact  tinues  to  the  zenith, 
tables  of  their  motions  and  eclipses :  a  The  accurate  knowledge  of  refrac- 
present  equally  valuable  to  astronomers  tion  led  Cassini  to  correct  materially 
and  sreofijaphers  *.  the  generally  admitted  value  of  the  solar 
One  of  the  most  useful  of  the  labours  parsdlax.  This,  in  conformity  with  the 
of  this  eminent  astronomer  was  his  ideas  of  Kepler,  was  estimated  by  ^some 
great  improvement  of  the  existing  at  one  minute,  by  others  at  twelve 
tables  of  refractions.  Manjr  errone-  seconds,  a  quantity  almost  inappreciable 
ous  theories  existed  at  that  time  upon  in  the  state  of  astronomy  at  that  time, 
the  extent  and  laws  of  this  phenomenon.  Cassini  bavins:  satisfied  himself  that 
Most  astronomers  supposed  that  the  the  refraction  was  the  same  for  the  sun 
refractions  did  not  extend  beyond  45^  of  and  the  fixed  stars,  and  perceiving  that 
altitude :  that  the  absolute  quantity  was  a  parallax  of  one  minute  could  not  be 
different  for  different  celestial  l>odies.  made  to  accord  with  his  tables  of  refrsc- 
These  ideas  had  been  comlmted  by  tion,  adopted  the  opinion  of  those  who 
Kepler,  but  the  scientific  world  was  made  it  nearly  insensible.  Butnotsatis* 
still  undecided.  The  table  of  refrac-  fied  unless  he  could  ascertain  its  exact 
tions  given  by  Tycho  was  purely  em-  magnitude,  however  small,  he  proposed 
pirical :  that  of  Kepler  was,  as  we  a  method  of  considerable  ingenuity  for 
nave  seen,  founded  upon  an  erroneous  its  determination.  The  principle  of  it  is 
law.  The  method  adopted  by  the  former  this :  if  we  know  the  pamlax  and  appa- 
was  to  observe  a  great  quantity  of  dif-  rent  semidiameter  of  any  one  planet,  its 
ierent  altitudes  of  the  sun  and  fixed  stars,  distance  and  magnitude  maybe  easily 
mnd  to  compare  these  with  the  altitudes  deduced ;  and  knowing  this  distance, 
calculated  from  a  knowledge  of  their  that  of  any  other  may  be  found  by  the 
true  places.  The  differences  gave  the  third  law  of  Kepler.  Cassini  proposed 
effect  of  the  refraction  for  each  degree  then  to  begin  by  determining,  the  paral- 
of  altitude.  But  the  instruments  of  lax  of  Mars.  Mathematically  speaking, 
Tycho  were  as  we  have  seen  extremely  this  may  be  done  by  a  single  observer 
imperfect ;  and  with  them  he  was  ^uite  without  quitting  the  same  spot,  by  ob- 
u  nable  to  appreciate  the  small  refractions  serving  the  planet  when  on  t  he  meridian, 
within  450  of  zenith  distance.  The  im-  and  also  when  but  little  above  the  hori- 
portant  discovery  of  Willebrord  Snell,  zon.  But  there  are  practical  difficulties 
that  when  a  ray  of  light  passes  from  in  this*  arising  iVom  the  uncertainty  and 
one  medium  to  another,  the  sine  of  the  magnitude  of  the  refraction  at  low  alti- 
angle  of  incidence  bears  a  constant  ratio  tudes,  and  the  smallness  of  the  parallax 
to  the  sine  of  the  angle  of  the  refraction,  sought.  A  betterway  is  for  two  observers, 
enabled  Cassini  to  construct  tal)les  on  under  very  different  latitudes,  to  deter- 
a  more  scientific  principle  than  had  mine  simultaneously,  the  position  of 
hitherto  been  followed.  To  determine  Mars;  for  example,  by  comparing  his 
the  constants  of  the  problem,  he  took  the  place  with  that  of  a  known  fixed  star.  To 
refractions  found  by  observation  at  two  effect  this,  Richer,  a  member  of  the  Aca- 
given  altitudes,  namely  at  the  horizon,  demyof  Sciences,  was  sent  to  Cayenne  t, 
and  at  80°  of  zenith  distance.  The  but  owing  to  the  imperfect  means  of  ob- 
former  he  found  32'  20" the  latter  5'  28^  servation  then  exisiini;,  all  he  could  ascer- 
Knowiii^  then  the  law  and  the  absolute  tain  was,  that  the  parallax  of  Mars  was 
V allies  for  these  two  altitudes  he  was  en-  insensible.  This,  however,  was  some- 
abled  to  determine  the  quantity  of  refrao-  thing  gained,  as  giving  a  limit  which  the 
lion  foranyotherdegree of  zenitn distance,  parallax  of  the  sun  could  not  exceed. 
It  is  easy  to  deduce  from  the  theorem  of - 

Snell    that  a  rav    of  lif ht  enterinflr  our        *  '^^*  tapposn  the  latitude  known,  bnt  m  a 

CHieiJ,   inai  a  ray  J*^ J'^"^,  ^"7"" Vi  »nowiedg«  of  the  latitude  InTolvea  th^t  ^1  >X>» 

atmosphere  is  so  inflected,  that  tne  wnole  Tefnction.  the  problem \i^t«i\v«  \ikd«!unii\TMXft. 

._ . t  Anno  \in I .    \ .  H\»\.  4«  V  KciA.  ^m^A«wt«^  x 

*  rvit,  itm,  tovM  i.,  p.  v«i^ 
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For  if  that  of  Man  had  amounted  to  to  imagine  that  thia  phettonijBnon  in£- 
much  above  a  quarter  of  a  minute,  it  catedthe  existence  fyf  a  solar  atmoijihae 
would  have  been  perceptible :  estimating  of  very  rare  and  luminous  matter  and 
it,  then,  at  25",  it  followed  that  the  solar  immense  extent,  since  it  reaehes  ftr  be- 
parallax  could  not  exceed  1 0^.  This  was  vond  the  orbit  of  Veiius,  and  even  per- 
a  great  step  made  In  the  knowledge  o^  naps  as  for  as  the  earth.  There  ait. 
Our  system,  and  showed  that  the  sun  was  however,  diftculties  in  this  explanation, 
at  the  distance  of  at  least  22326  senu-  which  have  caused  it  to  l>e  rejected  bj 
diameters  of  the  earth  removed  froih  La  Place ;  the  subject  is  one  df  those 
our  planet.  It  is  curious  to  trace  the  regarding  which  we  must  be  oompdM 
proipess  of  our  knowledge  on  this  inte-  to  confess  our  igporance. 
resting  point.  Aristarchus  began  by  Finally,  Cassmi  has  the  honour  of 
proving  that  the  sun  was  nineteen  times  having  completed  the  theory  df  the 
more  distant  from  us  than  the  moon :  moon*s  libration.^  Galileo  had  ezpldned 
this  determination  seems  to  havebeeii  the  diurnal  libratton,  and  that  in  latitude, 
admitted  by  Ptolemy  and  Tycho  Brah^,  Heveliushadledthewayinexplainingtbc 
who  made  the  sun's  parallax  three  mi-  libratioh  in  longitude,  by  observing  thit 
nutes.:  Kepler  reduced  it  to  one  minute,  the  moon  always  presented  the  same  face 
and  Cassini  to  10" :  astronomers  of  the  to  the  centre  of  her  orbit,  and  not  to  the 
present  day  only  admit  between  8"  and  earth,  which  is  in  the  focus  of  the  dlipsa 
9",  corresponding  to  a  distance  of  about  This  Newton  showed  to  be  equi?iiKiit 
ninety-five  millions  of  miles.  The  com-  with  supposing  her  rotation  on  her  aids 
parison  of  the  apparent  semidiameter  to  be  uniform,  while  her  motion  round 
shows  the  radius  of  the  sun  to  he  more  the  earth  was  unequal.  Lastly,  Cassini 
than  a  hundred  times  that  of  the  earth,  showed  that  the  axis  of  rotation  was  not 
Were  the  centre  of  the  former  supposed  perpendicular  to  the  ecliptic,  hut  slightly 
to  coincide  with  the  centre  of  the  latter,  mclined,  and  that  the  nodes  of  the  lunar 
the  sun's  external  circumference  would  equator  always  coincided  with  those  of 
reach  half  as  far  again  as  the  orbit  of  the  orbit.  This  explained  satiifiutorily 
the  moon.  We  shall  perhaps  form  the  what  had  been  before  observed,  that  the 
t)est  idea  of  the  relative  magnitudes  and  period  of  the  inequalities  of  thewra- 
distance  of  these  two  bodies,  by  con-  tion  coincided  with  the  revolution  of  the 
sidering  that  if  the  former  be  represented  nodes  of  the  orbit, 
by  a  globe  of  nine  inches  diameter,  the  This  long  list  of  disco  veriessnffieienfly 
latter  must  be  a  globule  of  one-twelfth  shews  Cassini  to  have  been  one  of  the 
of  an  inch  in  diameter,  revolving  round  greatest  observers  who  have  ever  eiist- 
the  former  at  the  distance  of  seventy-five  <ed :  perhaps  in  this  respect  he  is  second 
feet.  only  to  HerscheL  Yet  we  must  confess 
t  There  is  a  curious  phenpmenon  con-  with  Delambre,  that  he  has  been  in 
nected  with  the  sun,  first  noticed  by  tVance  the  object  of  exaggerated  eulo- 
Cassini  in  the  year  1683^  It  consists  gium;  and  several  astronomers,  whose 
in  a  pale  light,  very  much  resembling  in  laboiirs  were  of  a  nature  less  geneially 
appearance  the  tail  of  a  comet,  which  is  appreciated,  have  in  reality  done  ou>re 
occasionally  visible  towards  the  time  of  for  the  advancement  of  science.  The 
the  equinox,  extending  a  considerable  observer  who  has  devoted  himself  to 
way  along  the  zodiac,  whence  it  has  re-  forming  a  catalot^e  of  the  fixed  stars, 
ceived  the  name  of  zodiacal  light.  Tlie  or  the  correction  of  the  solar,  lunar,  and 
smallest  stars  are  visible  through  it;  planetary  tables,  if  he  succeeds  in  his  ob- 
its form  may  be  compared  to  that  of  a  ject,  has  rendered  a  more  essentitd  se^ 
cone  whose  base  is  the  diameter  of  the  vice  than  he  who  has  added  to  the  num- 
sun.  It  does  not  always  appear  with  ber  of  satellites  of  Saturn,  or  taught  us 
equal  brightness;  in  many  years  it  is  the  rotation  of  the  planets  on  their  axes, 
altogether  invisible ;  and  it  would  seem  Yet  the  latter  will  enjoy  a  popular  repu- 
that  it  disappears  when  the  spots  on  tation,  for  which  the  former  must  not 
the  solar  surface  are  least  numerous,  hope,  contented  to  be  properly  appre- 
The  zodiacal  light  is  not  rigorously  pa-  ciated  by  the  scientific  few. 
rallel  to  the  ecliptic,  but  rather  to  that  We  must  now  revert  to  Romer,  whose 
of  the  solar  equator,  which  is  somewhat  invention  of  the  transit  instrument  we 
inclined  lo  the  former.  Putting  all  these  have  before  noticed.  But  it  is  by  a  dis- 
circumstances  together,  Cassini  was  led  covery  of  higher  importance  that  his 

—  name  is  immortalized.    It  required  a 

*  JUdm.  de  I'Acad,  torn.,  ^\.,¥«  VZ2.  ^^x^>oa  qItvq  common  mrder  to  detect  the 
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mt  of  lime  oeeajdid  bf  li^t  in  In-  wu  fu  firom  being  the  cam :  it  was  not 

IK  the  planetu^  orbits ;  or  even  to  admitted  even  by  the  great  Cassini;  it 

ive  the  possibihtv  that  its  traiismis-  was  spolten  of  by  the  acute  Fonte&elle 

vas  not  iiftlantaneous.    This  bold  as  a  Muctive  error:  and  though  tlie 

rasnot  the  result  of  a. mere  fiinciful  truth  nltiroatel?  overcame  all  opposi- 

ilUion,  nice  those  which  so  often  led  tion,  it  retiiained  sterile  till  the  beautiful 

!r  to  stumble  upon  a  sublime  thitb,  application  of  it  made  by  the  immortal 

0  often  to  plunge  into  the  wildest  Bradley*. 

I ;  it  was  founded  upon  a  series  of  Pn.n-,    w 

il  and  systematic  observations ;  and  chapter  a  v  , 

:r  deserves  equal  credit  for  his  assi-  Pieard — MeoMure  of  a  Degree — Length 

in  following  the  phenomena,  and  o/the  Pendulum — Richer — Huygnm* 

uteness  in  generalizing  from  them.  —Pi^re  of  the  Earth— Flamstead— 

ill  observation  of  the  eclipses  of  Halley — Tranrit  of  Venue — Theory 

>r's  satellites,  and  more  particu-  of  the  Moon — Orbilt  of  Comett. 

)f  the  first,  led  him  to  remark,  that    ir„_  .«« i    x  j  • 

imes  these  eclipses  occurre.1  from  l^*„?"*'"P  "J"  Pf"""*  »  degree  by 

)  twelve  minutes  later  than  was  f"'^''."''  f^'^  R«9cwl'.  though  conducted 

ted  In  the  tables  of  Cassini,  while  °,"  «»entiflc  principles,  had  left  much 

ler  timfsno  such  retardation  was  f^scunty  on  the  interestinK  question  of 

itible.  The  quantity  of  this  retards-  l™"**!"""^*  °^ '■*  ^^:    The  sub- 

-  ^    -     '  ject  was  well  worthy  of  the  attention 

of  the  French  Academy  of  Sciences, 


'as  found  to  be  constant  for  the  JT'.J*'V1*"k''2^'!?  **'  *^*  attention 
time,  and  to  he  the  same  for  all  ^  r'i,  *«"f "j  ^"^"^  °^  Sciences, 
ur  satellites.    It  could  not.  then,    *"**    "'«y   •}«<"»!"«»„  *»   «peat   the 


d  upon  the    inequalities   of  the  "f  T^?*"  '   *'i*''-  ""  **"    "«««"'«y 

ns  of  these  satellites;  nor  even  T.   ?1      "?*"*  improvenjents  in  the 

that  of  Jupiter,  for  these  would  'f*  »'  observation  enabl<Ml  them  to  as- 

ditt-erently  the 'different  satellites.  S"?.    ,V  '^^  P*"**"  wl«cted  to  con- 

Bause  then  being   extraneous   to  ?"**    ™    operations  was  Picard,    of 

!r  and  his  system.  Romer  endea-  J*''*'"'  ?'*"'"'P.k.     •''"'^?  ***"  ?"?« 

d  to  ascertain  upon  what  other  ««» »Pf^>ng  of  the  micrometer,  and  the 

nstances  the  fact  could  depend.  In  »d«ptation  of  telescopes  to  astronomical 

e  was  led  to  the  fortunatrremark  '"H  'Tv  ^  *»'*  ""'  ?•""  *»»»> 

he  retardation   was  the  greatest  JT    »«.«?««•«•  this  very  important 

Jupiter  was   farthest  frSm  the  outy.  "wits  lor  him  a  high  place  among 

and  that  its  period  varied  with  the  astronomers  of  tlie  seventeenth  cen- 

stance  of  the  planet.    We  can  thus  ^Jt       •    •  ■     .  .l- 

e  train  of  ideas  that  guided  him  to  .  Th«  ?"»>«?«  of  "«»  measure  was,  it 

eory  of  the  successivi  propagation  "  hwdly  neceswry  to  say,  exactly  the 

ht;   for  what  other  cause  could  »«ne  "that of  Sndlius;  to  connect  two 

the  eclipses  occur  later  as  Jupiter  P*""'"  9^*  **^**  °^ tnangles,  and  thus 

•d  from  us  ?    The  eclipse  is  deter-  ^ff^!?""'"**  '5*1'.°'  "'"  !"*  °^  * 

by  the  satellite  entering  the  cone  ™Tfi~l-Il^»K*5- »**"**"  .V'*"' to 

idow  cast  by  the  primary  planet.  ?^"P,'Jll'"'^'^'?'*[*""»*^.o^'*tltudes 

osition  of  this  cone  and  of  the  sateU  i^"»«*  ^'^.  <f'««t«^  observa Uons.    The 

a  given  moment  evidently  cannot  «««n>e.Points  of  the  arc  of  l>«ard  were 

d  upon  the  distance  to  tli  earth:  Malvoiwne  m  the  vicmity  of  Pans,  and 

is.  then,  nothing  left  for  us  but  to  °°T.°^'5T       t?m'^*^  ^f^  *»» 

se  that  we  see  them  later  when  we  «»«"«<>  »»tween  ViUe-Jmf  and  Juvisy, 

*lher  removed;  or  that  light  is  fSi/""?^  *!,'""?'"'*  !?  ""  ?*"«>» 

insmitted  instantaneously,  bUt  sue-  I?"*'*    ^?/"^  *"  ''Tli  ^^  .observa- 

ely.    The  time  hiken  by  it  to  tra-  *'•'"»•  *"?^*'«''  ^'  °J  3902  toises,  was 

the  diameter  of  the  ei^h's  orbit  »«""{*<>  »««  bourdon,  and  its  length 

itimated  by  Rdmer  first  at  eleven  i"?"H  *?  '*^'V' j-^'  deduced  from 

«en  at  fourteen  minutes:  modem  «a"c«J'^on._  "Die  difference  of  latitudes 


have  fixed  it  at  sixteen  mi-    ?"  determined  by  observing  the  senith 

luarter.    It  is  remarkable    ?"*'??•  u"',©  .9,f!^P*i!5=   ^^   «"» 
ation so  simple  and  beui-    '»"'«*  *«>  '^  '    >»  "'  •    The  arc  of  the 


omers 

and  a  quarter, 

n  explanation  so  simpl 

f  a  phenomenon  at  first  sight  so 


xing  should  not  have  extorted  at    g|  *  J**?"*?  ******\5^a^S  •5?<»nn«*d  to  the  ac*,. 
^  assent  and  eulogy.  But  this   JSLVmS""  *°  "'•'  ^'  *"*'•  ^  "-'  *^"^' 
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terreittrial  meridian  between  the  two  wat  make  it  impractictble.  Hm  adrautigt 
68430  toises,  givinGC  for  the  Ienjz:th  of  the  of  an  invariable  physical  standard,  sns- 
decree  57064  toises.  Hut  the  system  of  ceptible  of  beinfr  verified,  orreeoveied 
triangles  having  been  subsequently  ex-  if  lost,  is  'so  great  as  to  have  engaged 
tended  to  Amiens,  and  the  latitude  ob-  the  attention  of  the  most  enlightened 
served  there,  the  len^h  of  the  degree  governments  in  Europe  for .  some  time 
was  found  to  be  57057 ;  and  by  a  mean  past :  and  no  standimi  seems,  on  the 
between  this  and  the  former,  57060  whole,  better  to  satisfy  the  condition 
toises*.  If  the  arc  of  Snellius  was  the  required  than^the  seconds  pendulum. 
first  that  was  measured  upon  scientific  But  on  this  point  we  shall  have  more  to 
principles,  that  of  Picard  was  the  first  say  in  a  subsequent  part  of  this  treatise, 
that  was  executed  with  sufficient  accu-  In  the  preceding  chapter  it  was  men- 
racy  in  the  details,  to  bear  a  comparison  tioned  that  Richer  had  been  sent  to 
with  modem  determinations  of  the  same  Cayenne  to  observe  the  parallax  of 
kind.  It  involved  however  two  small  Mars.  While  engaged  with  these  olner- 
errors,  which  fortunately  were  of  such  vations,  an  unexpected  phenomenon  pre- 
a  nature  as  to  compensate  each  other,  sented  itself  to  his  notice*.  The  pen- 
Though  the  base  had  been  measured  dulum  that  he  used  made,  in  the  conrse 
twice  over,  and  the  difference  l^etween  of  twenty-four  hours,  148  vibrations  less 
the  two  measurements  only  amounted  to  than  it  had  done  at  Paris.  Yet  its  length 
two  feet ;  yet  it  was  found  by  Clairault  remained  unaltered  ;  and  it  was  found 
and  Maupertuis.  who  verified  the  opera-  necessary  to  shorten  it,  at  least  one  line 
tions  of  ricard  in  the  next  century,  that  and  a  quarter,  to  make  it  beat  seconds,  as 
an  error  of  sixtoiseshad  been  committed  it  had  done  at  Paris.  Picard  had  already 
on  this  lenfi:th.  Again,  in  determininir  perceived  that  a  difference  of  tempeii- 
the  latitudes,  no  allowance  was  made  ture,  by  causing  the  metal  to  expand  or 
for  the  aberration  of  the  fixed  stars,  a  contract,  would  affect  the  duration  of  aa 
phenomenon  at  that  time  unknown;  but  'oscillation;  but  it  was  not  possible  to 
this  error  fortunately  acted  in  a  contrary  explain  from  this  cause  the  phenomnxm 
direction  to  the  former.  This  operation  observed  by  Richer.  For  the  dianfeeof 
of  Picard  is  interesting,  among  other  temperature  in  this  case  could  not  at  the 
reasons,  for  having  been  the  first  in  utmost  have  affected  the  pendulum  more 
which  instruments  furnished  with  tele-  than  the  third  of  a  line.  It  was  impossi- 
sco))es  were  employed.  The  terrestrial  ble  then  to  assien  any  cause  for  the  Act, 
angles  were  measured  with  a  quadrant  which  observations,  carried  on  during 
of  38  inches  radius;  the  zenith  dis-  ten  months,  had  indisputably  established, 
tanccs  with  a  sextant  of  ten  feet  radius,  except  the  diminution  of  gravity  towards 
both  fitted  with  telescopes^.  A  novel  the  equator.  The  cause  of  this  diminu- 
and  excellent  part  of  the  operation  of  tion  was  perceived  by  Newton  and  by 
Picard,  consisted  in  comparing  the  Huyghens.  We  shall  defer  giving  any  ac- 
length  of  the  toise  he  made  use  of.  with  count  of  the  explanation  of  the  former 
that  of  the  pendulum  beating  seconds  of  till  we  come  to  consider  his  theory  of  uni- 
time  at  Pans.  The  length  of  this  pen-  versal  gravitation.  The  reasoning  of  the 
dulum  was  found  to  be  36  inches  Sk  Imes,  latter  was  founded  on  his  own  theorems 
the  toise  beine:  supposed  to  contain  six  regarding  centrifugal  force.  Without  en- 
feet.  The  determination  of  the  length  tering  into  geometrical  del  ails,  the  nalure 
of  the  seconds  pendtilum  is  so  very  deli-  of  his  theory  may  be  thus  briefly  con- 
cate  an  operation,  that  perhaps  no  great  ceived : — Supposmg  the  earth  spherical, 
reliance  is  to  be  placed  upon  the  mea-  and  to  have  a  motion  of  rotation  on  its 
sure  of  Picard,  but  the  idea  is  in  the  axis,  the  centrifugal  forces  which  act  on 
highest  degree  philosophical,  and  has  different  points  of  the  surface,  will  be 
received  a  splendid  extension  in  later  different,  according  to  the  velocity  with 
times.  Mouton  first  proposed  the  length  which  they  revolve  in  their  different  cir- 
of  the  penduhim  as  a  standard  measure,  cles.  A  body  at  the  equator  revolves 
but  he  complicated  the  idea  so  much  by  with  the  greatest  velocity,  and  the  cen- 
connect ing  it  with  the  erroneous  measure  trifugal  force  soliciting  it  is  the  greatest ; 
of  a  degree  taken  from  Kiccioli,  as  to  at  the  latitude  45^  both  the  velocity  and 
the  centrifugal  force  are  much  less;  at 


*  Equal  to  122<J43  Englifih  yards, 
f  For  Picard'M  account  of  hlK  operation*,  seeMd- 
moires  de  TAcod.  des  Sciences,  torn.  viii. 
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the  Pole  the  body  is  immoveaMe.  and  the  ihe  half  would  be  ,),.  The  ratio  in 
force  vanishes.  Also  the  centrifugal  question  then  which  is  the  ratio  of  the 
force  acts  in  the  plane  of  the  circle  in  two  semi-axes,  is  578  :  577.  Thouji^h 
which  the  body  revolves,  fpravity  in  the  subseauent  observation  has  fully  esta- 
direction  of  the  centre  of  the  sphere ;  the  blished  the  spheroidal  figure  of  the  earth, 
compound  force  resulting  from  these  two  it  has  made  the  difference  of  the  axes 
will  then  not  tend  to  the  centre,  except  much  greater.  Yet  these  earljr  attempts 
under  the  equator  or  the  pole.  The  di-  to  determine  theoretically  this  important 
rection  of  the  compound  force  must  be  question  are  too  interesting  to  be  pass«i 
perpendicular  to  tne  earth's  surface  at  over  without  notice, 
every  given  point ;  for  the  fall  of  heavy  The  foundation  of  the  Royal  Observa- 
bodies  must  take  place  in  this  direction,  tory  at  Greenwich,  in  the  year  1675,  has 
and  the  surfaces  of  fluids  at  rest  be  per-  been  already  mentioned.  The  first  per- 
pendicular to  it.  But  since  this  force  son  upon  whom  the  office  of  astronomer 
does  not  tend  to  the  surface  of  the  sphere,  at  this  observatory  was  conferred  was 
and  yet  the  earth's  surface  must  be  John  Flamstead,  who  had  already  dis- 
perpendicular  to  it,  the  earth  cannot  tinfi:uished  himself  by  two  small  but  ex- 
be  a  sphere.  Under  the  equator  the  cellent  Treatises  on  the  Equation  of 
whole  centrifu^  force  goes  to  diminish  Time,  and  the  Lunar  Theory,  which  were 
gravity,  and  this  force  is,  at  the  same  published  with  the  posthumous  works  of 
time,  at  its  maximum ;  at  any  other  Horrox.  It  may  justly  be  a  matter  of 
place  it  is  only  a  certain  resolved  part  surprise,  that  the  subject  of  the  equation 
of  the  force  in  question,  which  coun-  of  time  should  not  have  been  completely 
teracts  gravity,  and  this  force  dso  dimi-  understood  by  the  astronomers  of  Mo- 
nishes  towards  the  Pole.  We  see  then  d<;m  Europe,  long  before  the  work  of 
the  reason  of  the  diminution  of  gravity  Flamstead  appeared.  Yet  such  seems 
from  the  Pole  to  the  equator :  a  dimi-  not  to  have  been  the  case.  Kepler  hsid 
nut  ion  which  Huyghens  from  theory  perceived,  as  indeed  Hipparchus  had 
estimated  at  liith  part  of  the  whole,  done  before  him,  that  this  equation  was 
He  proceeded  to  determine  from  theory  composed  of  two  parts,  the  one  resulting 
the  ratio  of  the  equatorial  to  the  po-  from  the  reduction  to  the  equator  of  the 
lar  semi-axis*.  Following  the  exam-  sun*s  path  in  the  ecliptic,  the  other  from 
pie  of  Newton,  he  supposed  two  cy-  the  inequality  of  the  sun's  motion  in  his 
lindrical  canals,  reaching  from  the  orbit :  but  to  these  he  had  added  a  third,, 
centre  of  the  earth,  the  one  to  the  pole,  which  had  no  real  existence, — a  pre- 
the  other  to  the  equator.  Tiiese  tended  acceleration  of  the  earth's  rota- 
canals  he  supi)osed  filled  with  water;  tion  on  its  axis.  Tvcho  had  only  admitted 
and  it  is  evident  that  they  must  be  in  the  first  part  of  the  equation ;  and  the 
a  state  of  equilibrium.  The  quan-  opinions  of  scientific  men  were  still 
tity  by  which  the  weight  of  the  equato-  divided,  when  the  treatise  of  Flamstead 
rial  branch  is  diminished,  is  equal  to  half  first  put  the  question  in  its  proper  hght. 
the  product  of  the  length  of  this  branch  The  numerous  lunar  inequalities  have,  in 
into  the  centrifugal  force.  The  whole  ^  times,  given  much  trouble  to  astro- 
weight  of  this  branch  then  will  equal  the  pomers.  Besides  the  inequality  depend* 
Eroduct  of  the  absolute  gravity  into  its  ing  upon  the  eccentricity  of  the  orbit, 
tngth,  minus  half  the  product  of  this  Ptolemy  had  discovered  another,  the 
length  into  the  centrifugal  force.  This  £vection,  which  appeared  to  be  connect- 
must  equal  the  weight  of  the  polar  ^d  with  the  eccentricity,  and  which  he 
branch,  which  is  represented  by  the  pro-  attempted  to  represent  in  the  way  that 
duct  of  its  length  into  the  absolute  grap  we  have  seen  in  a  preceding  part  of  this 
vity.  Equating  tlie^  two  expressions,  treatise.  Horrox,  with  great  sagacity^ 
w«  get  the  ratio  of  the  length  of  the  Perceived  that  it  depended  upon  a  perio- 
equatorial  to  the  |X)lar  branch,  or  which  dical  change  of  the  eccentricity  of  the 
it  the  same,  of  the  length  of  the  equa-  lunar  orbit.  To  represent  this,  he  sup- 
torial  to  the  polar  axis  of  the  earth.  This  posed  the  centre  of  the  lunar  ellipse  to 
ratio  is  that  of  the  absolute  gravity,  to  revolve  in  a  small  circle,  the  earth  re- 
the  same  diminished  by  half  the  centri-  maining  always  in  the  focus.  The  least 
fugal  force.  But  Huyghens  had  found  distance  of  the  centre  from  the  earth 
before  the  centrifugal  force  at  the  S^ve  the  first  inequality  alone,  th^  gnxit* 
equator  equal  to  itith  part  of  gravity:  ^t  gave  this  inequality  increased V^<«i  VVv<4 
: .  whole  evectiou.    Yxi  4«\»^\A\ii^  >\vt  ^vixv- 

•  De  vi  UraTiUUa,  1690.  heCtlOa  b«VNettU  V)\«^  \>NQ  m^«U^vsa^V£^ 
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Horroz  showed  rreat  lagacity*;  and  with  hii  muni  mitniment  (and  ihii  may 
Flamstead  adopt^  the  theory  in  hii  own  well  excite  our  surprise),  he  employed 
work  on  the  subject.  But  these  geome-  only  one  wire :  the  time  is  generally 
trical  hypotheses  have  ceased  to  possess  given  to  whole  seconds,  very  rarely 
any  interest:  for  those  who  wish  to  con-  to  the  halt  fVom  all  these  circum- 
struct  lunar  tables,  it  is  sufficient  to  de«  stances,  these  observations  are  now  of 
termine  empirically  a  certain  sine  or  co-  little  use  to  science :  a  tenth  part  of  this 
sine  which  represents  the  variations  of  mass  made  with  the  same  care  and  skUl 
anv  given  inequality,  and  its  maximum  as  those  contained  in  the  triduum  of 
value.  Hence  its  value,  at  any  given  Romer*  would  be  a  valuable  treasun 
moment,  is  found  with  the  greatest  faci-  Yet  we  must  not  undervalue  the  meriti 
lity.  Kepler  seems  to  have  given  the  of  this  first  Greenwich  Catalogue:  it 
first  idea  of  this  method  in  the  lunar  was  an  important  addition  to  the  astro- 
theory,  by  remarking  that  the  variation  nomical  knowledge  of  the  age ;  and 
discovered  by  Tycho,  was  oroportional  its  merits  are  suJSicient,  in  the  opinioB 
to  twice  the  distance  from  the  moon  to  of  the  best  judges,  to  place  its  author  by 
the  sun.  the  side  of  Tycho  among  the  most  illui* 

When  promoted  to  the  place  of  Ashro-  trious  of  the  benefactors  to  science, 
nomer  Royal,  which  he  nlled  for  many  To  accompany  his  catalogue.  Flam- 
years,  Flamstead  devoted  himself  to  stead  undertook  to  construct  a  celestisl 
observation  with  most  meritorious  zeal  Atlas  on  a  large  scale.  This,  indeed, 
and  constancy.  The  fruit  of  his  long  had  l)een  done  before  by  Bayer,  of  Augs- 
labours  was  ultimately  published  in  three  burg,  but  with  a  very  mferior  degree  of 
foho  volumes,  under  the  name  of  *'  His-  accuracy :  the  only  happy  idea  in  Us 
toria  Coelestis  Britannica,'*  containing  a  atlas  was  that  of  distinguishing  the  di&- 
great  mass  of  observations,  and  an  rent  stars  of  a  constellation  by  the  letterp 
extensive  and  accurate  catalogue  of  the  of  the  Greek  alphabet.  The  conslella- 
fixed  stars.  The  Greenwich  observa-  tions,  by  a  curious  mistake,  he  hs4 
tions  begin  in  the  year  1676:  at  this  drawn  as  seen  from  the  outside  of  tbt 
time,  Flamstead  followed  the  method  of  sphere.  This  was  rectified  in  the  chartf 
Tycho  and  Hevelius ;  that  of  determining  of  Flamstead,  who  invented  a  new  me* 
with  a  sextant  the  distances  of  the  thod  of  projection  for  layimr  down  tht 
observed  body  from  two  given  fixed  arcs  of  the  meridian  and  the  parallels, 
stars  ;  the  only  difference  between  his  This  method  consisted  in  developing  the 
instrument,  and  that  of  the  astronomers  arcs  of  parallels  in  parallel  straight  lines, 
just  mentioned,  lieing  that  it  was  fur-  perpendicular  to  a  given  meridian,  also 
nished  with  a  telescope.  But  seven  represented  by  a  straight  line:  the  de- 
years  afterwards  he  abandoned  this  sys-  grees  of  ri&:ht  ascension  measured  oa 
tern  tor  that  introduced  by  Picard,  these  parallels  diminish  as  the  cosine  of 
namely,  the  observing  the  transits  and  the  declination, 
meridian  altitudes  simultaneously  by  The  successor  of  Flamstead,  at  the 
means  of  a  mural  (quadrant  placed  in  the  Greenwich  Observatory,  was,  Edmund 
plane  of  the  meridian.  In  this  way  the  Halley,  one  of  the  greatest  names  in  the 
declinations  of  the  stars  may  be  obtained  ^vhole  history  of  ancient  and  modem 
with  considerable  accuracy;  but  the  discovery.  His  brilliant  career  corn- 
right  ascensions  must  be  rather  uncer-  menced  at  an  unusually  early  age.  At 
tain,  from  the  difficulty  of  adjusting  the  twenty  he  undertook  a  voyage  to  the 
plane  of  the  instrument  exactly  to  the  southern  hemisphere,  for  the  purpose  of 
meridian,  or,  at  all  events,  of  estimating  forming  a  catalogue  of  those  stars  which 
the  deviation.  It  is  remarkable  that  the  were  too  remote  from  the  North  Pole  to 
transit  instrument  did  not  come  into  use,  be  visible  to  European  observers.  For 
at  the  observatories  of  Greenwich  and  the  execution  of  this  project  he  selected 
Paris,  till  fifty  years  after  its  first  inven-  the  island  of  St.  Helena,  a  choice  i»hidl 
tion  by  lliimer.  Bradley  and  La  Caille  turned  out  singularly  unfortunate,  m 
have  the  merit  of  its  introduction.  It  is  the  climate  of  that  island,  which  bsd 
still  more  cuiious  that  Halley,  the  sue-  been  represented  to  him  as  well  adapts! 
cesser  of  Flamstead,  adopted  it  for  a  to  observation,  proved  cloudy  and  unf^ 
short  time,  and  then  abandoned  it  again,  vourable  in  the  extreme.  During  • 
tn 'confine  binMlfto  the  mural  quadrant  year's  residence  (1676-7)  he  was  not 
tF?rwllS:{]?!^^«'?^  ^y  F^^ms^ead,  Rble  to  determine  the  places  of  moil 
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than  360  stara,  though  he  nttlected  the  Venua  panes  over  the  bod,  it  appears 
planets  altogether,  and,  for  the  sake  of  to  describe  a  chord  of  the  solar  disc, 
greater  expedition,  merely  observed  the  greater  or  smaller,  according  to  the 
distances  to  stars  known  by  the  cata-  latitude  of  the  planet  at  the  time.  The 
lo^ue  of  Tycho.  Yet  so  little  was  pre-  extent  of  this  cnord  is  measured  by  the 
vinusly  known  of  the  southern  hemi-  time  the  planet  occupies  in  describing 
sj)here,  that  Halley*s  catalogue,  though  it.  If  there  were  no  sensible  parallax 
imperfect,  was  received  with  applause  of  either  body,  the  chord  described 
and  gratitude  in  Europe ;  and  its  author  would  be  the  same  for  the  whole  earth, 
was  complimented  by  flamstead,  with  But  this  is  not  the  case ;  and  the  differ- 
the  name  of  the  southern  Tycho.  The  ence  observed  by  two  persons  in  favour- 
survey  of  a  part  of  the  heavens  so  little  able  situations  may  amount  to  twenty- 
known,  gave  H alley  an  opportunity  of  five  minutes  or  more ;  and  an  error  of 
paying  a  compliment  to  Charles  II.,  bv  ten  seconds  of  time  on  the  duration  of 
forming  a  new  constellation,  to  which  the  transit  would  not  amount  to  more 
he  gave  the  name  of  Robur  Carolinum,  than  the  fifteenth  of  a  second  on  the 
from  the  well-known  oak  in  which  that  sun*s  parallax.  It  is  easy  to  conceive 
prince  took  refuse  afler  the  battle  of  the  cause  of  this  difference  in  the  dura- 
VVorcester.  The  patronage  extended  by  tion  of  the  transit.  Parallax  always 
Chiurles  to  the  sciences,  and  particu-  acting  in  a  vertical,  depresses  the  sun's 
larly  to  astronomy,  made  him  more  disc,  but  it  depresses  Venus  more,  her 
deserving  of  the  honour  than  some  other  parallax  being  much  lai^er ;  and  thus 
sovereii^s  to  whom  similar  compliments  the  chord  described  is  diminished  or  in- 
have  l>een  paid.  creased,    according    to  circumstances* 

An  importiint  observation  was  made  Now,  for  an  observer  who  at  the  time  of 
by  Halley  during  his  residence  at  SU  the  observation  has  the  sun  near  his 
Helena;  that  of  a  transit  of  Mercuiy  zenith,  this  effect  of  parallax  will  be  in- 
over  tiie  sun's  disc.  It  is  not,  however,  sensible ;  while  for  another  who  has  it 
in  this  case  the  observation  itself  which  near  the  horizon  it  will  be  very  ^eat: 
was  of  so  much  importance,  as  the  the  difference  between  the  duration  of 
idea  which  it  suggested  to  Halley  of  the  transits  observed  by  these  two,  will 
employing  tliese  transits  to  determine  evidently  be  entirely  due  to  the  differ* 
the  sun's  parallax.  Practically  speak-  ence  of  the  parallaxes  of  the  sun  and 
inc:«  the  transits  of  Mercury,  though  re-  Venus;  for,  were  these  parallaxes  equal, 
commended  by  the  illustrious  proposer  the  duration  of  the  transit  could  not  be 
of  the  method,  are  not  applicable  to  the  affected  by  it,  both  planets  being  equally 
purpose  mentioned ;  but  the  transits  of  depressed.  We  might  choose  two  sta- 
Venus  oiier  the  best  means  with  which  tions  still  more  favourable  for  deter- 
we  arc  acquainted  for  this  determina-  mining  this  difference,  by  placing, the 
tion.  This  Halley  has  the  credit  of  observers  indifferent  hemispheres.*  It 
having  perceived  distinctly,  and  having  is  easy  to  see  that,  in  this  case,  the  pa- 
most  earnestly  recommended  to  the  no-  rallaxes  would  act  in  different  directions, 
ticc  of  astronomers.  But  these  transits  the  one  bringing  the  planet  nearer  to  the 
of  Venus  are  phenomena  of  excessive  northern,  the  other  to  the  southern  limb 
rarity :  Halley  could  entertain  no  hopes  of  the  sun,  and  in  this  the  whole  effect 
of  surviving  to  witness  in  person  the  will  be  double  of  that  which  woukl  take 
next,  which  was  announced  for  the  year  place  in  our  first  supposition.  By  a 
1761.  He  addressed  then  to  future  comparison  then  of  observations  thus 
astronomers  a  most  solemn  and  affect-  made,  we  determine  with  much  ac- 
ing  exhortation,  not  to  suffer  so  pre-  curacy  the  difference  of  the  parsJlaxes 
cious  an  occasion  to  pass  unprofited,  of  the  sun  and  Venus :  from  their  pe- 
but  to  unite  all  their  efforts  to  deduce  riodic  times  we  conclude  the  ratio  of 
from  this  observation  one  of  the  most  these  parallaxes,  and  thus  can  find  from 
important  elements  of  our  system.  His  two  equations  of  the  simplest  form  the 
exhortation  was  not  addressed  in  vain :  absolute  values  of  the  parallaxes  them- 
we  shall  see  in  a  subsequent  diapter  selves.  But  the  parallax  of  any  one 
how  successfully  the  idea  was  canied  planet  being  known,  those  of  all  the  rest 
into  execution.  may  be  deduced  by  the  third  law  of 

It  may  be  worth  while,  considering  Kepler.     From  this  one  phenomenon 

the  extreme  importance  of  the  method  then  of  the  transit  of  Venus,  we  may 

proposed  by  Halley,  to  say  a  few  words  conclude  the  dimensions  of  all  the  pla- 

as  to  its  Dature,    When  a  planet  like  netary  orlnts;  and  though  the  whole 
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parallax  of  the  sun  does  not  exceed  quite  independent  of  these  ineqiialities. 
nine  seconds,  it  may  be  found,  by  these  No  astronomer  had  ever  ventured  to 
means  within  a  tenth  of  a  second.  We  doubt  the  uniformity  of  these  mean  mo- 
may  be  allowed  to  reflect  with  some  tions ;  and,  in  fact,  we  now  know  that 
pride  upon  this  triumph  of  human  in-  the  major  axes,  and,  consequently,  the 
genuity  *.  periodic  times  of  the  primary  planets. 
The  theory  of  the  moon  attracted  in  a  are  not  subject  to  any  but  the  periodical 
particular  de^ee  the  attention  of  Hal-  inequalities  of  which  we  have  spoken, 
ley ;  and  he  introduced  into  it  several  But  this  is  not  the  case  with  the  moon, 
minor  improvements,  into  the  details  of  The  mean  motion  of  that  satellite  is 
which  it  is  unnecessary  to  enter.  But  continually  accelerated ;  and  as  this  ao- 
we  mast  not  pass  over  without  notice  celeration,  though,  mathematically  speak- 
an  ingenious  suggestion  for  the  ameliora-  ing,  it  has  a  limit,  yet  will  continue  for 
tion  of  the  lunar  tables.  The  principal  perhaps  many  thousands  of  centuries,  it 
inequalities,  both  in  longitude  and  lati-  is  called  the  secular  acceleration,  to  dis- 
tude,  depend  upon  the  position  of  the  tinguish  it  from  those  inequalities  which 
moon  with  regard  to  its  apogee,  its  have  a  period  that  falls  within  the  limits 
node,  and  the  sun.  If,  then,  we  could  of  observation.  The  cause  of  this  pbe- 
find  any  period  at  the  end  of  which  the  nomenon  was  discovered  by  La  Place: 
moon  returned  to  the  same  place  with  the  fact  itself  was  first  suspected  bv 
regard  to  all  of  these,  it  is  evident  that  H  alley.  The  reality  of  it  v?as  disputed 
the  inequalities  would  be  renewed  in  the  for  a  long  time,  but  it  is  now  incon- 
same  order,  and  it  would  be  easy  to  testably  c^ablished.  The  mean  motion 
predict  their  recurrence,  had  they  been  of  the  moon,  as  determined  by  modem 
observed  during  the  period.  Now,  it  observations,  exclusively,  is  k)etween 
has  been  seen  that  the  Chaldaeans  had  three  and  four  minutes  more  rapid  than 
discovered  such  a  period,  comprising  that  found  by  comparing  modem  obHT- 
223  lunar  months ;  to  which  they  gave,  vations  with  the  eclipses  ofa«enred  at 
it  is  said,  the  name  of  Sarost-  It  is  not  Babylon  700  years  before  Christ;  and 
to  be  understood  that  this  period  is  this  result  is  fully  confirmed  by  two 
rigorously  and  mathematically  exact,  eclipses  of  the  sun,  and  an  eclipse  of  the 
yet  the  error  is  small,  and,  at  all  events,  moon  observed  at  Cairo  by  Ibn  Jonnis, 
would  not  affect  sensibly  the  magnitude  towards  the  end  of  the  tenth  century, 
of  the  equations.  When  Haiiey  sue-  It  has  been  mentioned  in  a  precraing 
ceeded  to  the  post  of  astronomer  royal,  chapter,  that  Hevehus  had  remarked 
in  the  year  1720,  he  began  to  execute  that  comets  do  not  move  as  supposed 
his  plan  uf  observations  on  the  moon  by  Kepler  in  right  lines,  but  in  orbits 
throughout  tlie  duration  of  a  saros,  and  slightly  curvilinear,  and  bearing  consi- 
he  succeeded  in  carrying  them  through  derable  analosry  to  the  parabola.  But 
half  this  period.  Lemonnier  at  Paris  though  Hevelius  completely  proved  the 
subsequently  completed  a  whole  period :  defiection  from  a  straight  bne,  he  did 
but  the  progress  made  latterly  m  phy-  not  prove  the  orbit  to  be  parabolic,  nor 
sical  astronomy,  has  rendered  these  em-  did  he  explain  himself  very  clearly  upon 
pirical  methods  almost  useless.  It  is  the  subject  of  the  focus  being  occupied 
to  lialley  that  we  owe  the  first  suspicion  by  the  sun.  Delambre  *  has  quoted  a 
of  a  very  important  tact  regarding  the  passage  from  the  correspondence  of 
moon's  motions.  It  had  been  hitherto  Borelli,  which  shews  this  astronomerto 
the  universally  received  doctrine,  that  have  perceived  the  analogy  between 
all  the  planets,  >vithout  exception,  were  cometary  orbits  and  the  paralx)la,  pre- 
subject  to  such  inequalities  only  as  are  viously  to  the  publication  of  tlie  Come- 
renewed  within  a  certain  space  of  time,  tographia  of  Hevelius.  But  the  honour 
and  which,  on  that  account,  have  been  of  having  clearly  proved  this  importaot 
called  i)eriodic  inequalities.  The  mean  point  belongs  to  Dorfel,  a  Saxon,  who, 
motion  is  determined  by  a  comparison  m  a  small  treatise  pubhshed  in  1681, 
of  the  planet's  places  at  very  distant  demonstrated  that  the  great  comet  of 
times,  embracing  a  great  number  of  the  the  preceding  year  had  described  a 
periods  within  which  the  inequalities  are  parabola  of  which  the  sun  occupied  the 
renewed,  so  that  the  result  obtained  is  focus.  Without  any  knowledge  of  the 
— work  of  Dorfel,  Newton  had  been  led  to 

•  Hallcy  developed  hU   idea,  tir»t  proponed  iu  the  COnclusion,   that     COmctS     deScHbe 

the  CaUloguu  Slellarum  Austrollum,   iu  liie  Pliilo-  »-*«     u«9w««>^ 


tfuphicol  'iYuusactioua  fur  IGi^l  aud  i/lH. 
t  V.  PliiitfM.  Trun«ucl.  (or  L09\,  p.  l»iSy, 


*  Aatron.  Moderoe,  tome  ii.  p.  S94. 
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round  the  tan  very  exeentrio  eliipsei,  led  to  reflect  upon  the  cause  of  those 
the  visible  arcs  of  which  cannot  be  dis-  motions  round  a  common  centre,  and  to 
tin^ished  from  a  parabola.  H alley,  compare  it  with  those  forces  which 
embracing  with  aroour  this  idea,  and  ma^  be  observed  at  the  earth*s  surface, 
anxious  to  verify  it,  undertook  the  labo-  Anstotle  had  chosen  to  assert  that  heavy 
rious  task  of  calculating  the  elements  of  bodies  were  attracted  to  the  centre  of 
all  the  comets  kpown,  with  a  view  to  the  earth  by  a  property  peculiar  to  that 
their  recognition,  should  thev  at  any  point  as  the  centre  of  the  universe ;  and 
time  reappear.  Having  formed  for  this  so  completely  was  this  power,  according 
purpose  a  catalogue  of  twenty-four  to  him,  inherent  in  that  point,  that  heavy 
comets,  he  was  struck  with  the  resem*  bodies  he  aflSrmed  would  equally  tend  to 
blance  between  those  of  the  years  1531,  it  were  the  earth  removed.  This  fidlacy 
1607,  and  1682.  The  difference,  how-  was  combated  by  Kepler,  who  was  one 
ever,  of  the  inclinations  of  the  orbits,  of  the  first  to  entertain  sound  notions 
and  of  the  periods,  made  him  doubt  on  the  subject  of  gravity.  He  contend^ 
whether  this  could  be  the  same  comet  that  a  mathematical  point,  whether  the 
that  had  reappeared  three  times  at  centre  of  the  universe  or  not,  could  have 
intervals  of  between  seventy-five  and  no  power  to  attract  heavy  bodies  to  it ; 
seventy- six  years ;  and  the  observa-  neither  were  they  urged  to  this  point 
tions  of  Apianus  and  Kepler  on  the  from  a  desire  to  avoid  the  extremities  of 
two  first  occasions  were  not  sufficiently  the  universe,  the  distance  of  which  is 
exact  to  decide  the  question.  On  fur-  infinite,  compared  with  the  distance  to 
ther  consideration  H  alley  perceived  in  the  centre;  nor  by  the  revolution  of  the 
his  catalos^ue  three  other  comets,  which  primum  mobile,  which  would  carry  away 
returned  in  the  same  order  and  at  the  the  earth  itself.  Kepler  then  proceeas 
same  intervals,  namely,  in  1305,  1380,  to  explain  the  real  nature  of  gravity, 
and  1456.  This  gave  him  more  conft-  He  begins  by  establishing  that  every 
dence,  and  having  re-examined  and  re-  particle  of  matter  has  a  tendency  to 
calculated  the  elements,  he  ventured  to  remain  in  repose,  as  long  as  it  is  beyond 
affirm  all  these  to  be  reappearances  of  the  sphere  of  influence  of  a  cognate 
the  same  comet,  and  to  predict  its  return  particle.  Gravity  is  a  tendency  to  con- 
in  the  year  1758.  This  prediction  has  junction  between  cognate  particles,  simi- 
been  completely  verifi(^,  and  its  fulfil-  lar  to  the  force  of  magnetism.  But 
ment  forms  one  of  the  proudest  triumphs  the  earth  will  attract  a  stone  much 
of  modern  astronomy,  while  it  nas  more  than  the  stone  attracts  the  earth, 
rendered  the  name  of  Halley  immortal.  Heavy  bodies  are  not  carried  to  the 
But  on  this  interesting  point  more  will  centre  of  the  world,  in  its  quality  of 
be  said  in  a  subsequent  cnapter*.  centre  of  the  world,  but  as  a  centre  of 

a  cognate  round  body,  namely  the  earth. 

Chaptsr  XV I.  Wherever  the  earth  is  transported  heavy 

Originof  Physical  ABtnmomy.^Kepler  Il^»^  !!p  «^waystend  to  its  centre,    ff 

—Descartes— Newton  ^®  ®*^**  ^***  "®*  rQ}mA,  these  bodies 

would  not  tend  to  its  centre  but  to  dif- 

Tbe  causes  which  determine  the  motions  ferent  points.    Two  stones  placed  in  any 

of  the  heavenly  bodies  have  from  the  part  of  the  world  near  each  other,  and 

earliest  times  been  an  object  of  specula-  beyond  the  influence  of  a  cognate  body, 

tion  to  mankind.  For  a  long  time  these  would  come  together  in  an  intermediate 

motions  were  explained  by  supposing  point,  each  moving  through  a  space  pro- 

the  planets  fixed  to  solid  transparent  portional  to  the  comparative  mass  of  the 

spheres,  the  one  revolving  within  the  other.    If  the  moon  and  the  earth  were 

other,  and  having  the  earth  for  theur  „ot  retained  in  their  orbits  by  an  animal 

common  centre.    But  when  this  rude  force  or  some  equivalent,  the  earth  would 

and   barbarous  hypothesis    was  over-  ascend  to  the  moon  one  fifty-fourth  part 

thrown  by  increasing  knowledge— when  of  the  distance,  the  moon  would  fall  to 

it  was  shown  that  the  sun  was  the  ^jje  earth  through  the  other  fifty-three 

eentre  of  the  planetary  motions— that  p^rt,^  supposing  both  to  have  the  same 

the  planets  themselves  were  bodies  in  ^iensity*. 

all  respects  comparable  to  the  earth  xhe  accuracy  of  these  notions  will 
on  which  we  live— thinking  men  were  probably  surprise  those  who  have  im- 
bibed  the  vulgar  error,  that  tha  vJ«?i.  ^1 

•  Th«  dUeoTcrlct  of  Hallef  abont  comets  art  to  _^ 

be  fonsid  in  his  SjimmmIs  Astroaonto  CoBttlcM^  ■  I^    ^^        . ^ 

appondcd  tohii  Ubks,  Londoo,  17401  *  Couol^  \te  IAt«<»t lL«y\«t,<^^V>^« 

Vi 
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a^ceneral  attractive  force  between  the  inversely  as  the  diitanee.    BoniUaudbas 

different  bodies  of  the  solar  system  and  the  honour  of  having  first  eoiOectiired 

all  particles  of  matter  originated  with  what  has  subsequently  been  proved  to 

Newton.     Such  ideas  had  been  pre-  be  the  real  law  of  nature,  that  the  attane- 

valent  for   half  a  century  before  the  tive  force  varied  inverselv  as  the  square 

publication  of  the  Principia  ;  even  the  of  the  distance*.    This,  however,  was  a 

real  law  according  to  which  the  attrac-  mere  conjecture  on  the  part  of  Bouil- 

tive  force  diminishes   as  the  distance  laud,  and  it  was  quite  out  of  his  power 

increases  had  been  surmised  by  more  to  offer  any  proof  of  it    However,  the 

than  one  individual.     To  those  who  same  idea  was  entertained  by  several 

know  in   what    Newton*s    discoveries  men  of  eminence.    In  England  it  ap- 

really  consist,  these  statements  will  not  pears  to  have  been  adopted  by  YTren, 

appear  to  k>e  any  disparagement  of  that  H alley,  and  Hooket;   and  the  latter 

extraordinary  man.    He  has  created  a  even  boasted  among  his  friends  of  bemg 

science  where  others  have  conjectured,  able  to  demonstrate  it  roathematiealljr. 

But  to  return  to  Kepler,  who  proceeds  However  he  was  unable  to  produce  this 
in  the  same  remarkable  strain.  The  demonstration  when  called  upon  to  do 
sphere  of  attraction  of  the  moon  extends  so ;  to  which  we  may  add,  that  in  a  very 
to  the  earth,  where  it  causes  the  tides ;  clear  and  remarkable  statement  of  the 
much  more  then  will  the  sphere  of  natureof  the  mutual  attractive  force be- 
attraction  of  the  earth  extend  to  the  tween  the  celestial  bodies  and  all  par- 
moon,  and  even  much  farther.  In  other  tides  of  matter,  he  does  not  venture  to 
places  Kepler  recognizes  the  mutual  at-  state  the  law  of  its  variation,  a  safficient 
traction  of  the  sun  and  planets,  and  proof  that,  at  least,  he  was  unable  to 
even  proceeds  to  conjecture  that  the  at-  offer  any  satisfactory  demonstration  of 
traction  of  the  former  may  cause  the  its  existence. 

irregularities  in  the  moon*s  motion.  But  The  physico-astronomical  system  of 

it  must  be  confessed  that  Kepler  could  Descartes  enjoyed  such  great  popularity 

not  explain  the  cause  of  the  elliptic  or-  during  the  seventeenth  century,  that  it 

bits  of  the  planets,  and  he  was  obliged  is  necessary  to  give  some  account  of  it 

to  have  recourse  to  the  singular  idea  in  this  place.    It  consisted  in  supposing 

that  each  planet  was  the  seat  of  an  in-  the  different  bodies  of  the  solar  system 

telligent  principle,  bearing  the  same  re-  to  float  in  a  fluid  in  motion  round  the 

lation  to  its  material  substance,  that  the  sun.  and  formins:  a  vortex  of  which  that 

mind  of  a  man  does  to  his  body.      The  body  occupied  the  centre^.    The  differ- 

science  of  dynamics  was  not  yet  sufH-  ent  parts  of  this  vortex  moved  with  un- 

ciently  advanced  for  him  to  sec,  that  a  equal  velocities,  and  were  of  various 

tangential  impulse,  combined  with  gra-  densities,  each  planet  floating  in  a«8tra- 

vity,  would  explain  the  revolutions  with-  tum  of  a  density  equal  to  its  own.    In 

out  such  a  monstrous  supposition.  this  great  vortex  there  were  again  minor 

The  ideas  of  Galileo,  though  not  so  vortices,  inwliichthe  satellites  were  ear- 
distinctly  expressed,  seem  to  have  re-  ried  round  their  primary  planets.  The 
sembled  those  of  Kepler.  Galileo  cer-  mechanical  and  physical  objections  to 
tainly  recognized  the  mutual  attraction  this  theory  are  so  numerous  and  so  coa- 
of  the  particles  of  matter ;  and  assorted  pletely  insoluble,  that  its  ^n%at  success 
that  a  certain  number  meeting  together  may  well  astonish  us.  That  it  should 
would  have  a  tendency  to  unite  in  a  have  been  defended  by  some  of  The  ablest 
spherical  form.  He  also  evidently  saw  mathematicians  in  Europe  even  after 
that  gravity,  at  the  earth's  surface,  is  the  appearance  of  Newton's  Principia, 
the  resultant  of  the  attractions  of  the  is  still  more  surprising.    To  mention  a 

Particles  of  which  the  eart  h  is  composed*,  few  only  of  the  most  striking  difficulties, 

'he  idea  of  a  general  attractive  force  we  may  remark  that  it  has  l)een  shown 

between  the  sun  and  planets  being  ad-  by  .D'Alembert  that  a  vortex,  whether 

mitted,  and  the  identity  of  i  his  force  with  spherical  or  cylindrical,  could  not  exist 

gravity  having  been  clearly  stated  by  unless  all  its  strata  revolved  in  the  same 

Kepler,  it  was  natural  that  the  next  ob-  tune.    The  third  law  of  Kepler  being  in 

ject  of  speculation  should  be  the  law  ac- 

cording  to  which  this  force  decreased  as  .  A«ironom.  Phiioiaic   Lib.  i.,  p. 23. 

the  distance  increased.     Kepler  seems  t  v.  Newioii.Princip.  Mathcmai.  Lib.1.,  Prt^ 

to  have  imagined  that  the  force  varied    *'  .^£l"*'""*;        ^  «  ^    ,     ^  . 
^ Tcuicu         ,  yjjg  ,y,tf„  of  Detcortea  maf  be  found  u 

"■^                                                                   ■  Uld  down  by  Ua  anUior  in  the  tbird  part  of  U* 

*  Dialogopnmo.  ^iVuc\^\^^^VkiMo^^in,    Amatcrdmm*  167/. 
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direet  opposition  to  this,  prores  that  the  centre  of  the  earth  be  identical  with  that 

planets  are  not  carried  round  in  a  vor-  which  retains  the  moon  in  her  orbit,  that 

tex.    Again,  in  the  system  of  Descartes  it  will  act  with  less  energy  at  that  in- 

the  vortex  is  composed  of  strata  of  very  creased  distance.    But  in  order  to  com- 

diffen^nt  densities,  superposed   irreini-  pare  the  former  effect  with  the  latter,  it 

larly,  so  that  in  many  cases  a  lighter  was  necessary  to  make  some  supposition 

stratum  is  lower  or  nearer  the  centre  as  to  the  law  of  decrease.     Newton 

than  one  specifically  heayier.    Such  an  adopted  the  hypothesis  that  the  force 

arrangement    is   totally   irreconcilable  varied  inversely  as  the  square  of  the 

with  the  laws  of  hydro-dynamies.     To  distance.    This,  as  we  have  seen,  had 

this  we  may  add  that  the  very  existence  been  the  supposition  of  Bouillaud  and 

of  a  spherical  vortex  seems,  from  seve-  others.    The  distance  from  the  centre  of 

ral  considerations,    to    be   impossible,  the  earth  to  the  moon  being  nearly  sixty 

Were  it  worth  while  to  go  farther  into  semidiameters  of  the  former,  gravity  at 

the  examination  of  a  theory  now  totally  the  distance  of  the  moon  would  be  about 

exploded,  several  other  arguments  might  8600  times  less  than  at  the  surface  of 

be  adduced.     The  various  inclinations  the  earth.     If  gravity  then  were  the 

of  the  planet aiy  orbits,  their  elliptical  force  which  retained  the  moon  in  its 

form,  are  all  difficulties,  which  no  inge-  orlnt,  that  body,  abandoned  to  the  action 

nuity  of  the  Cartesians  was  able  to  over-  of  this  force  alone,  during  a  small  given 

come.    Yet,  notwithstanding  this,  the  time,  ought  to  fall  through  a  space  36U0 

theory  of  vortices  reigned  paramount  in  times  less  than  that  through  which  a 

Burope  during  the  greater  part  of  a  cen-  heavy  body  near  the  surface  of  the  earth 

tury.      Its  duration  in  England   was  would  fall  in  the  same  time.  The  former 

shorter  than  on  the    Continent ;    the  of  these    spaces  is  measured  by  the 

Newtonian  theory  having  l)€en  received  versed  sine  of  the  arc  described  by  the 

with  universal  approbation  in  the  former  moon  in  the  given  time.     To  calculate 

country   from  tne  first  moment  of  its  this  versed  sine,  we  must  know  the  di- 

publication.      But   on    the    Continent,  mensions  of  the  lunar  orbit ;  or  if  we     ' 

where  Cartesianism  seems  to  have  taken  suppose  the  moon*s  distance  to  comprise 

a  firmer  hold  on  men's  minds,  it  conti-  sixty  semidiameters  of   the  earth,  we 

nued  to  fiourish  for  twenty  or  thirty  must  know  the  length  of  this  semidia- 

years  longer;  and,  indeed,  cannot  l>e  meter. 

said  to  have  died  away  entirely  before        Unfortunately  when  Newton  first  un- 

the  middle  of  the  eighteenth  century.  dertook  these  calculations,  the  dimen- 

It  was  reserved  for  the  immortal  New-  sions  of  the  earth  were  not  known  with 

ton  to  lay  the  foundations  of  the  science  of  any  accuracy ;  and  having  assumed  a 

physical  astronomy,  by  applying  the  laws  wrong  value  of  the  degree,  he  obtained 

of  dynamics  to  the  motions  of  the  ce»  results  which  appeared  to   overthrow 

lestial  bodies,  by  demonstrating  the  iden-  his  hypothesis.    But  Picard  having  in 

tity  of  gravity  with  the  attractive  forces  the  mean  time  determined  the  length 

of  the  sun  and  planets,  and  by  showing  of  the  degree  with  considerable  care, 

all  the  inequalities  and  irregularities  of  Newton  resumed  the  consideration  of 

their  motions  to  be  consequences  of  the  the  subject  some  years  afterwards.    His 

same  principle  that  determined  their  el-  data  being    corrected,  he   found  that 

liptic  orbits.  At  a  very  early  age.  New  the  versed  sine  of  the  arc  described  by 

ton  had  been  led  to  refiect  upon  the  pro-  the  moon  in  one  minute,  was  equal  to 

bable  identity  of  gravity  with  the  force  the  space  through  which  a  heavy  body 

by  which  the  moon  is  retained  in  its  or-  at  the  earth's  surface  falls  in  one  second. 

bit  round  the  earth.   There  is  a  popular  Consequently,  the  space  through  which 

story  current  about  his  having  been  led  the  latter  woidd  fall  m  one  minute,  would 

to  these  reflections  by  observing  the  fall  be  three  thousand  six  hundred  times 

of  an  apple ;  hut  the  fact  is,  that  the  greater  than  that  through  which  the 

relation  of  these  forces  had  long  been  moon  would  fall  in  the  same  time.    But 

a  subject  of  meditation  to  every  philo-  this  is  exactly  the   proportion   which 

sophical  mind.    The  difference  between  ought  to  exist,  supposinsr  the  motions  in 

Newton  and  all  his  predecessors  is,  that  question  to  be  determined  by  a  force 

he  undertook  at  once  to  submit  his  varying  inversely  as  the  square  of  the 

conjectures  to  the  test  of  calculation.  It  distance.    Thus  was  established  beyond 

was  natural  to  suppose,  that  if  the  force  contradiction  the  nature  oC  VVa  ^V\x%r!Cv<^ 

which  at  the  surftu^  of  our  planet  de-  force  that  detertxmied  Vcift  rn^tC^  x^^^- 

termines  the  foU  of  heavy  bodies  to  the  lutions.  _ 
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The  next  «tep  in  this  inquiry  was  to  property  of  attraction  does  not  merdy 
investigate  the  analogy  between  the  belong  to  the  masses  of  the  celestial  bo- 
forces  by  which  the  primary  planets  are  dies,  but  to  each  of  their  particles.  It 
retained  in  their  orbits.  In  the  execu-  happens  however,  that  the  attraction  of 
tion  of  this,  Newton  began  by  showing  a  sphere  upon  a  point  without  it  is  the 
that  any  body  revolving  round  a  point  same  as  if  all  the  matter  ofthe  sphere 
either  immovable  or  uniformly  pro-  were  united  at  its  centre,  provided  the 
gressive  in  a  right  line,  and  moving  in  sphere  be  homogeneous,  or  at  least  com- 
such  a  way  that  its  radius  vector  de-  posed  of  concentrical  homoiceneoiu 
scribes  round  the  point  areas  proper-  layers.  This  proposition,  which  is  due  to 
tional  to  the  time,  is  urged  byacentri-  Newton,  explains  the  fact  just  stated  with 
petal  force  tendinc:  to  that  point.  But  regard  to  the  distances  being  measured 
the  first  law  of  Kepler  established  that  from  the  respective  centres  ojf  the  hea- 
the  planets  did  revolve  in  this  way ;  venly  bodies. 

and  Newton  therefore  concluded  that  It  being  admitted  that  gravity  is  a pro- 
they  were  acted  upon  by  a  centripetal  perty  belonging  to  all  particles  of  miJter, 
force.  The  second  law  of  Kepler  was,  it  follows  as  a  consequence  that  if  the 
that  they  moved  in  ellipses,  of  which  the  sun  attracts  a  planet,  the  planet  again 
sun  occupied  one  of  the  foci.  This  New-  will  attract  the  sun.  Supposing  both 
ton  showed  could  only  be  the  case  if  the  these  bodies  spherical,  we  may  imagine 
centripetal  force  varied  inversely  as  the  the  mass  of  each  united  at  its  centre; 
square  of  the  distance  from  the  sun.  and  the  attractions  will  be  proportional 
The  third  law  of  Kepler  completed  the  to  these  masses.  Strictly  speaking 
proof  of  the  identity  of  this  attractive  then,  the  centre  of  the  sun  vrill  not  be 
force  for  all  the  planets.  It  may  be  immovable,  while  that  of  the  planet  re- 
shown  to  be  a  consequence  of  it,  that  the  volves  round  it,  but  both  will  revolve 
intensity  of  the  force  in  question  is  the  round  their  common  centre  of  gravity, 
same  for  all  the  planets  at  the  same  dis-  However,  the  mass  of  the  sun  being  so 
tance ;  as,  on  the  surface  of  the  earth,  enormously  greater  than  that  of  the 
gravity  gives  the  same  motion  to  all  laigest  planet,  the  latter  may  twnegkcted 
bodies  placed  at  the  same  distance  from  for  all  practical  purposes  in  our  cslcula- 
the  centre.  What  then  had  been  vaguely  tions.  Yet  considerable  disturbances 
surmised  by  Kepler,  Boulliaud,  Hooke,  arise  hi  the  motion  of  the  planets  from 
and  others,  was  proved,  with  all  the  their  mutual  attractions.  Thus  the  moon, 
certainty  of  mathematical  demonstration,  while  it  revolves  in  an  ellipse  round  the 
to  be  the  law  of  nature.  It  may  be  ne-  earth,  is  exposed  to  the  attraction  of  the 
cessary  to  explain  here,  for  the  sake  of  sun,  causing  a  number  of  inequalities  in 
those  who  are  not  familiar  with  dyna-  its  motions ;  thus  too,  the  earth  is  trou- 
mical  reasoning,  that  the  elliptic  orbit  bled  by  the  action  of  the  noghbouring 
of  a  planet  results  from  the  combination  planets,  each  of  which,  in  its  turn,  is 
of  gravity  with  a  primitive  impulse  in  similarly  affected  by  those  near  iL  The 
the  direction  of  a  tangent  to  the  curve,  development  of  these  perturbations,  as 
Without  gravity,  the  eftect  of  the  original  they  are  called,  forms  a  most  important 
impulse  would  have  l)een  to  make  the  part  of  the  theory  of  universal  gravita- 
body  move  uniformly  forwards  in  a  tion ;  a  theory  that  shows  us  not  merely 
straight  line  :  its  continual  deflection,  the  causes  and  connexion  of  the  comph- 
from  a  straight  line  towards  the  sun,  in-  cated  and  seemingly  inexplicable  inequa- 
dicates  the  existence  of  an  accelerating  lities  already  detected  by  astronomers, 
force  in  the  latter,  and  the  form  of  the  but  has  indicated  the  existence  of  many, 
planetary  orbit  enables  us  to  conclude  which,  but  for  its  assistance,  would  be 
the  law  of  the  force.  still  unknown. 

The  comparison  of  gravity  with  the  The  inequalities  of  the  moon  being 
force  determining  the  lunar  revolutions,  the  most  numerous  and  the  most  evi- 
shows  clearly,  that  in  calculating  the  at-  dent,  engaged  more  particularly  the  at- 
tractive forces,  we  must  measure  the  tention  of  Newton.  To  form  some 
distances  from  the  centres  of  the  sun,  idea  of  his  method  of  investigation,  let 
or  the  respective  planets.  This  is  de-  us  begin  by  supposing  the  moon  to  move 
monstrated  in  the  case  of  the  earth  and  in  the  plane  of  the  ecliptic.  The  forces 
moon;  and  the  attraction  of  the  earth  acting  upon  her  arethe  attraction  of  the 
being  evidently  identical  with  that  of  the  earth,  directed  to  the  centre  of  the  latter 
sun  and  the  planets,  we  conclude  the  body,  and  that  of  the  sun,  the  tendency 
same  with  regard  to  Vhem.    BwV  VVi\a  olY(Vac^\v\xi^Ti\\ak<Q^^    and  opposiUoa 
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will  be  to  diminish  her  gravity  to  the  with  the  line  of  the  syzygies ;  thus  inch 

earth :  for,  in  the  former  case,  the  moon  eating  the  cause  of  the  inequality  called 

is  more  strongly  attracted  by  the  sun  theevection. 

than  the  earth ;  in  the  latter,  the  earth        There  is  also  an  annual  variation  of 

more  strongly  than  the  moon :  the  effect,  the  lunar  excentricity,  resulting  from  the 

in  both  cases,  is  the  same,  and  equab  excentricity  of  the  earth's  orbit  round 

twice  the  product  of  the  sun*s  mass  into  the  sun.    The  disturbing  force,  it  has 

the  radius  of  the  lunar  orbit,  the  whole  been  seen,  varies  inversely  as  the  cube  of 

divided  by  the  cube  of  the  distance  from  the  distance  from'  the  sun  to  the  earth, 

the  earth  to  the  sun.    In  quadratures,  and  this  distance  not  being  always  the 

the  action  of  the  sun  on  the  earth,  decom-  same,  the  lunar  orbit  participates  in  its 

posed  in  the  direction  of  the  lunar  radius  variations.     When  the  eartn  is  in  its 

vector,  tends  to  increase  the  moon's  gra-  perihelion  the  disturbing  force  is  greatest, 

viW  towards  the  earth,  but  the  whole  and  the  orbit  of  the  moon  most  dilated: 

effect  will  be  only  half  of  that  which  the  contrary  takes  |)lace  at  the  aphelion, 

takes  place  in  a  contrary  direction  at  the  Hence    arises  an  inequality,  which   is 

syzygies.    From  all  the  actions  of  the  called  the  annual  equation,  as  it  has  for 

sun  on  the  moon,  in  the  course  of  a  its  period  an  anomalistic  year. 

S nodical  revolution,  results  a  mean  force        Hitherto  we  have  only  considered  the 

minishing  the  moon's  gravity,    and  part  of  the  disturbing  force  decomposed 

equal  to  half  the  product  of  the  sun*s  in  the  direction  ofthe  lunar  radius  vector: 

mass  into  the  lunar  radius  vector  divided  the  other  part  tends  to  increase  the 

by  the  cube  of  the  distance  from  the  sun  velocity  of  the  moon  in  its  orbit  or  the 

to  the  earth.    Now,  Newton  proved  that  area  described  in  a  given  time.    The 

supposing  one   body  to  revolve  round  increment  of  the  area  is  proportional 

another  which  attracted  it  with  a  force  to  the  sine  of  twice  the  angular  distance 

varying  inversely  as  the  square  of  the  from  the  moon  to  the  sun.    This  in  fact 

distance,  if  we  diminish  the  attractive  is  the  inequality   discovered  by  Tycho 

force,  by  a  quantity  proportional  to  the  Brah^,  which  is  g^atest  in  the  octants, 

distance,  the  orbit  described  will  stUl  he  and  to  which  the  name  of  variation  has 

an  ellipse,  but  its  apsides  will  have  a  been  given. 

progressive  motion ;  such  in  fact,  as  is        Let  us  now  proceed  to  consider  the 

actually  observed,  the  lunar  perigee  hav-  effects  of  the  disturbing  force  resulting 

ing,  as  is  well  known,  a  rapid  direct  mo-  from  the  inclination  of  the  lunar  orbit 

tion.  to  the  ecliptic.    The  most  important  of 

By  the  diminution  of  its  gravity  to  the  these  is  tne  retrograde  motion  of  the 

earth,  the  moon  is  maintained    at  a  nodes.    To  conceive  the  cause  of  this, 

^^ater  distance  than  would  otherwise  let  us  suppose,  as  before,  the  solar  attrac- 

be  the  case :  the  sector  described  by  its  tion  decomposed  in  two  directions,  the 

radius  vector  in  a  given  time  round  the  one  parallel  to  the  line  joining  the  earth 

earth  is  not  changed,  since  the  force  and  the  sun,  the  other  in  the  direction  of 

which  produces  it  is  in  the  direction  of  the    lunar    radius    vector.    The    first 

this  radius.    But  the  velocity  and  angu-  will  be  entirely  in  the  plane  of  the 

lar  motion  are  diminished;  as    must  ecliptic,  and  therefore  can  only  affect 

evidently  be  the  case,  since  the  sector  the  longitude  of  the  planet ;  but  the 

remains  constant  while  the  radius  vector  second  will  be  inclined  to  this  plane  and 

is  increased.    The  preceding  considera-  may  again  be  decomposed  into  two,  one 

lions  show  also  that  the  nulius  vector  pandlel  to  the  ecliptic,  the  other  perpen- 

varies  sensibly,  in  the  course  of  a  lunar  dicular  to  it.    The  effect  ofthe  former 

revolution,  from  the  effect  of  the  sun's  will  fall  entirely  upon  the  longitudes  :  it 

attraction.    The  same  is  the  case  with  is  then  only  the  latter  which  is  now  to 

regard  to    the  excentricity.    For   the  be  considered.    The  constant  tendency 

augmentation  of  the  force  in  <|uadra-  of  this  force  is  to  bring  the  moon  nearer 

tures  and  its  diminution  in  syzygies  gives  to  the  ecliptic,  and  consequently  to  ac- 

the  orbiit  a  greater  curvature  in  the  former  eelerate  its  return  to  this  plane.    The 

and  dilates  it  in  the  latter  case.    The  ex-  effect  will  be  to  make  the  moon,  at 

centricity  then  will  alternately  augment  each  semi-revolution,  meet  the  plane 

and  decrease  in  each  lunation:  and,  by  soonerthan  it  otherwise  would  have  done, 

Ibllowing  the  same  reasoning,  it  might  m  and  at  a  point  less  advanced  on  the  orbit 

shown  that  the  excentricity  is  greatest  The  node  then  will  appear  to  have  retro- 

when  the  line  of  the  apsides  coincidea  graded  a  certam  c^aAXi\X\>)  \  «»dL>^^'^^ 
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nomena  will  be  just  the  same  as  if,  while  sun*s  centre.    But  the  force  with  whidi 

the  moon  moved  in  the  plane  of  its  Mercury  is  attracted  may  be  determiotd 

orbit,  the  orbit  itself  had  a  retrograde  in  the  same  way  that  the  attraction  of 

motion.   The  retrogradation  in  question  the  earth  on  the  moon  was  found.     It  b 

will  be  continued,  but  it  will  not  be  al-  measured  by  the  versed  sine  of  the  are, 

ways  equal.    When  the  nodes  are  in  the  described  in  a  given  time,  as,  for  ex- 

syzy&:ies,  the  force  perpendicular  to  the  ample,  a  second.     In  this  method,  the 

orbit  will  vanish,  since  the  plane  of  the  mass  of  Mercury  bein^  quite  insensible, 

orbit  will  pass  through  thet(un,and  con-  compared  with  that  of  the  sun,  is  neg^ 

sequently  the  retrogradation  will  cease  lected.     In  the    same  way  we    mar 

with  it.    But  the  moment  the  sun  has  compare  the   masses    of  «Jupiter  ana 

passed  the  line  of  the  nodes,  the  force  Saturn  with  that  of  the  sun :   for  each 

will  begin    to  act,  and   will  reach  its  of   these    planets  is   accompanied  bj 

maximum  when  the  nodes  are  in  qua-  satellites,  the  revolution  of  any  one  of 

dratures.  which  may    be    employed  as  that  of 

Such  is  a  short  sketch  of  the  way  in  Mercury,  as  has  just  been  shown.  Venui 

which  NjBwton  laid  the  foundations  of  *nd  Mars  being  without  satellites,  their 

the  theory  of  the  moon;  a  theory  that  masses  must  be  determined  by  the  pe^ 

from  its  complication  has  at  all  times  turbations  they  cause  in  the  motions  of 

occupied  a  lar^e  share  of  the  labours  of  the  neighbouring  planets,  as,  for  ezam- 

the  mathematician  and  the  astronomer.  P^e,  the  earth.     To  find  the  mass  of 

His  numerical  determinations  must  be  Mercury,  we  are  forced  to  make  an  hy- 

considered  as  rough    approximations ;  pothesis  somewhat  precarious ;  nameqr, 

and  even  his  methods  of  investigation  ^^^^  the  densities  of  this  planet  and  the 

can  now  be  studied  only  as  matters  of  ^^^  ^^re  inversely  as  their  mean  dis- 

scientific  curiosity.    The  exact  determi-  tances  from  the  sun.  Newton  attempted 

nation  of  the  arguments  and  coefficients  to  determine  the  mass  of  the  mooo  from 

of   the    numerous   lunar   inequalities,  certain  phenomena  of  the  tides,  of  which 

requires  all  the  resources  of  modem  more  will  be  said  presently.     Other  and 

analysis,  and  all  the  accuracy  of  modern  probably  better  methods  have  been  linee 

observat  ions.    The  geometrical  methods  proposed.    One  of  them  is  founded  on  t 

of  Newton  are  inadequate  to  the  com-  comparison  of  th^  quantity  of  thenuta- 

plete  solution  of  this  complicated  pro-  tion  of  the  earths  axis,  and  the  preees- 

blem.    Yet  to  mathematicians  they  will  sion  of  the  equinoxes.    The  former  phe- 

probably  always    prove  an  object    of  nomenon  results  solely  from  the  moon's 

Miterest ;  while  the  sublimity  of  the  re-  action,  the  latter  from  that  of  the  sun 

suits  will  be  an  object  of  unqualified  ad-  ^"^    moon   combined.      In   this  way 

miration  to  all.  the  lunar  action  ,is  found  to  be  abed 

Observation  alone  might  teach  us  double  that  of  the  sun.  Each  of  these 
the  magnitudes  aud  distances  of  the  sun  actions  is  proportional  to  the  mass  of 
and  planets.  But  the  Newtonian  theory  the  body,  divided  by  the  cube  of  its 
gives  us  the  means  of  determining  an  <Jistance  to  the  earth.  Hence  we  obtain 
element  that  might  have  seemed  for  ever  ^^^  the  ratio  of  the  masses  in  question 
inaccessible,  namely,  their  masses.  The  ^.  The  theory  of  centrifugal  force, 
whole  attraction  of  the  sun  or  any  planet  due  to  Huyghens,  had  made  it  evident 
in  this  theory  is  proportional  to  its  mass,  that  the  rotation  of  the  earth  on  its  axis 
If  we  were  able  to  measure  the  weight  of  wasincompatible  with  the  spherical  form, 
bodies  at  the  surface  of  the  sun,we  might,  supposing  the  earth  to  have  lieen  origi- 
by  comparing  with  this  their  weight  at  nally  fluid.  This  subject  was  investi- 
the  surface  of  the  earth,  ascertain  the  gated  by  Newton,  and  considered  by  him 
ratio  of  the  mass  of  the  sun  to  the  mass  in  a  more  general  and  satisfactory  way. 
of  the  earth.  But  such  an  exi)eriraent  is  In  determining  the  ratio  of  the  polar  to 
cleariy  impracticable.  We  have,  how-  the  equatorial  axis,  Huyghens  had  sup- 
ever,  another  in  our  power  which  is  posed  every  particle  of  matter  in  the 
equivalent  to  it.  If  we  can  determine  earth  to  have  the  same  weight,  at  what- 
the  force  with  which  the  sun  attracts  a  ever  distance  it  is  from  the  centre.  This 
given  planet,  Mercury  for  example,  we  is  quite  incompatible  with  the  Newtonian 
may  ascertain  the  force  with  which  it  theory,  that  the  whole  attraction  of  the 
attracts  a  body  at  its  own  surface.  For  earth  is  the  resultant  of  the  attractions 
these  forces  are  to  one  another  inversely  of  all  the  particles  of  wMch  it  is  com- 
as the  squares  of  the  distances  from  the  posed :  a  doctrine  which,  in  faict,  Huy- 
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ghens  never  adiiutted»  though  he  allowed  the  attraction  of  the  latter.  In  modem 
the  Newtonian  law  of  gravity  to  exist  times  Descartes  proposed  an  explana- 
between  the  different  pl^ts.  Newton,  tion  of  these  causes,  which  bears  some 
on  the  other  hand,  demonstrated  that  a  analogy  to  that  of  an  ancient  philoso- 
body  placed  within  a  spherical  stratum  pher,  named  Seleucus*.  He  imagined 
of  uniform  thickness  is  equally  attracted  that  the  moon,  passing  through  the 
on  all  sides ;  and  that  the  same  is  the  zenith  of  a  spot  covered  by  the  ocean, 
case  with  an  elliptical  stratum,  whose  pressed  upon  that  spot,  and  forcibly 
interior  and  exterior  surfaces  are  similar  lowering  the  surface  of  the  water  imme- 
and  similarly  situated.  Supposing  the  diately  beneath  it,  forced  this  surface  to 
planets  to  be  homogeneous  spheres,  gra-  rise  in  compensation  along  the  distant 
vity  in  their  interior  will  vary  directly  coasts,  attaining  its  maximum  of  eleva- 
as  the  distance  from  the  centre ;  for,  tion  at  90  degrees  from  the  spot  in  ques- 
taking  a  point  anywhere,  the  stratum  tion.  In  any  given  place,  then,  the  wa- 
exterior  to  it  does  not  contribute  to  its  ters  will  rise  and  fall  alternately  at  inter- 
gravity,  which  is,  in  consequence,  only  vals  of  six  hours,  and  the  moon's  pas- 
produced  by  the  attraction  of  a  sphere,  sage  over  the  meridian  retarding  daily 
whose  radius  is  equal  to  the  distance  three  quarters  of  an  hour,  the  tides  wiU 
from  the  centre.  This  attraction  is  pro-  be  retarded  by  the  same  portion  of  time, 
portional  to  the  mass  of  the  sphere  di-  which  is  consistent  with  observation, 
vided  by  the  square  of  the  radius,  and  the  But  this  explanation  is  quite  untenable 
mass  of  the  spnere  is  proportional  to  the  even  in  the  Cartesian  system  of  vortices, 
cube  of  the  radius ;  whence  we  see  that  How  can  the  moon,  suspended  in  a  vor- 
the  attraction  varies  as  the  radius.  But  tex  of  the  same  density  with  itself  press 
if  the  planets  be  denser  towards  their  upon  the  surface  of  the  ocean  ?  Tlie 
centres,  gravity  will  no  longer  diminish  pressure  will  be  uniform  all  round  the 
in  the  same  ratio.  earth,  and  will  depend  upon  the  density 

It  is  very  easy  to  see  that  this  theory  of  the  vortex  in  question :  it  can  make 

gives  a  greater  flattening  at  the  poles  no  difference  whether  any  given  part  of 

than  that  of  Huyghens ;  the  particles  of  this  is  occupied  by  the  moon  or  by  a 

the  equatorial  column  weighmg  less  in  fluid  sphere  of  equal  specific  gravity, 

succession  as  they  approach  the  centre.  Besides,  Descartes  does  not  explain  by 

will  yield  more  to  the  centrifugal  force  these  means  how  it  happens  that  while 

acting  upon  them.    The  determination  it  is  low  water  under  any  one  meridian 

of  the  axes  is  much  more  difficult  in  this  it  is  also  low  water  under  the  meridian 

hypothesis.    Newton  contented  himself  removed  from  it  ISO  degrees.    The  pres- 

with  supposing,  that  an  elliptic  figure  sure  of  the  moon  seems  inadequate  to 

would  satisfy  the  conditions  of  equili-  explain  this. 

brium  of  a  fluid  mass  in  rotation,  whose  The  celebrated  Galileo  imagined  that 

respective  particles  attracted  each  other  the  phenomena  of  tides  were  produced 

mutually  as  the  inverse  squares  of  the  by  the  rotation  of  the  earth  on  its  axis, 

distances.   Supposing,  at  the  same  time,  and  he  seems  to  have  imagined  that  we 

the  earth  homogeneous,  he  found  that  might  find  in  them  a  proof  of  the  Coper- 

the  two  axes  of  the  planet  would  be  in  the  nican  theory.    When  a  given  point  on 

ratio  of  22 U  :  230.    This  supposition  of  the  earth*s  surface  has  arrived  under  a 

Newton,  that  the  elliptic  figure  satisfies  meridian  exactly  opposed  to  the  sun,  the 

the  conditions  of  equilibrium  of  an  ho-  motions  of  rotation  and  translation  take 

mogeneous  fluid  mass,  was  subsequently  place  in  the  same  direction ;  when  it  is  in 

demonstrated  by  Maclaurin.    But  re-  conjunction  with  the  sun  these  two  mo- 

peated  measurements  having  shown  that  tions  take  place  in  contrary  directions. 

the  ratio  assisnied  is  too  great,  it  follows  Galileo  imagined  that,  from  this  circum- 

as  a  consequence  that  the  earth  cannot  stance,  a  particle  of  fluid  would  be  ac- 

be  homogeneous.  celerated  m  the  first  case,  and  retarded 

The  connexion  between  the  pheno-  in  the  second ;  and  that  the  whole  effect 

mena  of  tides  and  the  diurnal  revolution  on  the  ocean   would  be  to  form  two 

of  the  moon  had  not  escaped  the  notice  waves,  the  axis  of  the  first  of  which 

of  the  philosophers  of  antiquity.  Pliny*,  would  be  in  the  direction  of  the  meridian 

among  others,  distinctly  observes  that  passing  through  the  sun,  the  other  ex- 

the  cause  of  the  tides  is  in  the  sun  and  acUy  opposite  to  itt.  But  this  is  founded 

moon,  and  refers  them  in  particular  to  _________«___.«....^_ 
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on  Mse  physical  notions.    The  waters  will  form  a  spheroid  wlioaemi|ior  axis  ii 

of  the  ocean  we  now  know  from  hydro-  dnected  to  the  moon.    If  the  earth  were 

statical  principles  would  not  be  affected  at  rest,  this  axis,  always  directed  to  the 

at  all  by  the  causes  here  assigned :  they  moon,  would  traverse  the  earth's  cir- 

participate  in  the  uniform  rotation  of  the  cumferenoe  in  the  period  of  » lunar  revo- 

globe.    In  addition  to  this,  the  hypo-  lution. 

thesis  of  Galileo  has  the  disadvantage  of       The  rotation  of  the  earth,  however, 

making  the  tides  depend  entirely  upon  causes  a  diurnal  motion  on  tiieaxis,oor- 

the  sun,  whereas  their  connexion  with  responding  with  the  tides  observed  in 

the  moon  is  so  evident  as  to  have  been  twenty-four  hours.    The  inertia,  how- 

recognized  from  the  earliest  times.    It  ever,  of  the  waters  of  the  ocean  does  not 

will  hardly  be  credited,  that,  to  obviate  permit  them  to  move  with  quite  as  mudi 

this  last  objection,  Baliani  adopted  a  rapidity  as  the  moon ;  and  the  major 

system  which  made  the  earth  revolve  as  axis  of  the  spheroid  mentioned  will  re- 

a  satellite  round  the  moon.    By  this  main  somewnat  behind  the  direction  of 

means,  following  the  principles  of  Galileo,  the  moon*s  place.    The  exact  quantitv 

he  explained  the  two  high  tides  depend-  of  this  retardation  at  any  given  port  will 

ing  upon  the  moon*s  passing  the  men-  depend  upon  local  circumstances,  and 

dian  above  or  below  the  horizon ;  and  can  only  be  ascertained  by  observation, 
the  ebb  when  she  is  rising  or  setting.  But       The  sun  acts  upon  the  ocean  exaetW  in 

audi  a  theory  is  quite  undeserving  of  a  the  same  way  as  the  moon,  but  its  emei 

serious  refutation.  is  much  less,  in  consequence  of  its  dis- 

Though  Galileo  treated  the  theory  of  tance.    There  will  then  be  a  solar  as  well 

attraction  by  the  moon  as  absurd,  yet  it  as  a  lunar  tide  twice  in  every  twenty-four 

was  generally  embraced  by  modem  phi-  hours.    In  syzygies  the  two  tides  will 

losophers,  even  before  it  was  completely  coincide,  and  the  whole  rise  vrill  be  the 

developed  by  Newton.    Kepler  says  that  greatest ;  in  quadratures,  they  will  oonn- 

the  sphere  of  attractive  virtue  which  is  teract  each  other,  and  the  tides  irill  be 

in  the  moon  extends  as  far  as  the  earth,  at  their  minimum.    The  first  have  been 

and  entices  up  the  waters.    The  same,  called  spring,  the  latter  neap  tides.    In 

nearly,  was  said  by  the  Jesuits  of  Coim-  general,  the  force  of  the  sum  being  much 

bra,  and  by  Antonio  de  Dominis,  Arch-  less  than  that  of  the  moon,  the  only  way 

bishop  of  Spalatro,  and  had  been  stated  in  which  the  solar  tides  will  be  percep- 

before  them,  though  in  rather  a  vague  tible  is  by  their  effect  in  augmenting  or 

and  fanciful  way,  by  Gilbert*.    The  dif-  diminishing  those  owing  to  the  moon. 

ficulty  experienced  by  these  writers  was  These  phenomena  were  employed   by 

to  explain  the  cause  of  the  inferior  tide :  Newton  for   finding   the  raUo  of  the 

this  was  first  done  in  a  satisfactory  way  masses  of  the  sun  and  moon;  for  at 

by  Newton.     Just  in  the  same  way  spring-tides  we  observe  the  effect  of  the 

tliat,  in  treating  of  the  inequalities  of  the  sun,  and  at  the  neap-tides  of  the  differ- 

moon,  we  have  seen  that,  when  this  satel-  ence    of  their   forces.      These  effects 

lite  is  in  conjunction  with  the  sun,  she  is  depend  upon  the  distance  and  mass  of 

more  strongly  attracted  by  the  latter  each  body:    now  their  distances  are 

than  the  earth,  and,  when  in  opposition,  known,— hence,  then,  the  ratio  of  their 

the  earth  more  strongly  than  the  moon ;  masses  may  be  found.     It  is,  however, 

the  effect  produced  being  in  each  case  necessary  to  take  into  account  several 

exactly  the  same,  namely,  to  increase  the  circumstances  which  must  clearly  affect 

distance  from  the  moon  to  the  centre  of  the  magnitude  of  the  tides,  such  as  the 

the  earth :  so  may  we  reason  with  re-  declination  of  the  sun  and  moon,  the 

gard  to  the  surface  of  the  ocean  and  the  distance  of  each  from  the  perigee  of  its 

centre  of  the  earth.    That  jwrtion  of  the  respective  orbit,  &c.  Newton  found  that 

water  which  has  the  moon  on  the  meri-  the  ratio  of  the  forces  was  about  44  :  1. 

dian  and  above  the  horizon,  will  be  more  More  extensive  observations  have  made 

strongly  attracted  than  the  earth's  cen-  it  nearly  3:1. 

tie ;  and  again,  that  centre  more  strongly        If  the  earth  were  a  perfect  sphere,  or 

than  the  portion  under  a  meridian  dis-  if,  beins;  of  a  spheroidal  form,  the  axis  of 

tant  half  a  circumference  from  the  first,  rotation  were  perpendicular  to  the  plane 

Towards  each  of  these  meridians  then  of  the  ecliptic,  the  motion  of  the  equi- 

the  water  will  rise,  and  its  whole  surface  noctial  points,  called  precession,  wouW 

not  take  place ;  nor  would  the  action  of 

the  sun  tend  in  any  degree  to  produce  an 

•  Consult  the  Life  of  Guiiico,  p.  ri.  alteration  in  the  motions  of  the  earth : 
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for  in  either  case,  the  aetion  upon  not  merely  the  elliptie  orbits  of  the 
the  two  parts  of  the  latter,  above  and  planets,  and  the  law  of  their  periodic 
below  the  place  of  the  ecliptic,  would  be  times»  but  all  the  irregularities  of  their 
equal,  and  would  act  in  contrary  wavs  motions  were  consequences  of  one  great 
to  produce  any  change  of  position  in  the  principle,  and  might  be  deduced  from  it 
axis  of  rotation.  But  this  is  no  longer  bv  rigorous  calculation.  In  the  com« 
the  case  when  the  earth  is  spheroidal,  plete  execution  of  these  calculations,  it 
and  the  axis  inclined  to  the  ecliptic.  To  nas  been  found  necessarjr  to  have  re- 
examine what  takes  place  in  this  case,  course  to  methods  di£Pering  consider- 
Newton  considered  the  earth  as  a  ably  from  those  of  the  inventor;  but 
sphere  surrounded  by  a  meniscus  of  the  most  distinguished  of  his  successors 
matter,  whose  greatest  thickness  is  at  have  cheerfully  recognized  in  him  the 
the  equator,  and  he  compared  each  first  of  mathematicians  and  philosophers, 
particle  of  this  meniscus  to  a  small  the  father  of  physical  astronomy*, 
satellite  revolving  round  the  earth  in 
twenty-four  hours.    To  each  of  these 

satellites  we  may  apply  what  has  been  Chapter  XVII. 
already  said  relative  to  the  orbit  of  the 

moon;  and  for  the  same  reasons  the  Bradley. — Aberration  of  the  Fixed  Stars 

sun  will  cause  the  nodes  of  each  of  — Nutation, 
these  particles  to  retrograde,  at  each 

diurnal  revolution,  as  the  nodes  of  the  From  the  time   that  the  Copemican 
moon  do  at  each  lunation.    From  the  hypothesis  was  generally  received,  the 
sum  of  all  these  small  motions  will  re-  attention  of  astronomers  was  more  and 
suit  a  daily  retrogradation  of  the  points  more  ^rawn  to  the  parallax  of  the  fixed 
of  intersection  of  the  equator  and  the  stars.    It  was  well  known  that  this  pa- 
ecliptic — ^that  is  to  say,  of  the  equinoxes ;  rallax,  if  it  existed,  must  be  very  small ; 
and  though  it  is  extremely  small,  yet,  as  but  it  seemed  reasonable  to  suppose,  that 
it  is  daily  repeated  in  the  same  direction,  a  line  of  such  magnitude  as  the  diameter 
the  effect  at  the  end  of  a  year  will  be  of  the  earth's  orbit  would  subtend  an 
very  sensible.  angle  of  at  least  a  few  seconds  at  the  dix- 
it must  not,  however,  be  supposed,  tance'of  the,*  nearest  fixed  star.    Though 
that  the  whole  precession,  or  even  the  the  non-existence  of  any  parallax  was 
greater  part  of  it,  results  fit)m  the  action  not   consklered  sufficient  to  shake  the 
of  the  sun.    The  attraction  of  the  moon  conclusive  arguments  urged  in  favour  of 
produces  an  effect  exactly  similar  in  its  the  earth's  annual  motion,  yet  it  was 
nature  to  the  former,  and  much  more  felt  that,  were  it  once  clearly  established, 
considerable.     It    depends   upon   the  however  small  the  quantity,  the  question 
spheroidal  figure  of  the  earth,  iad  the  would  be  decided  beyond  all  contro- 
inclination  of  its  axis  to  the  plane  of  the  versy.     With  this  view,  Galileo  po- 
lunar  orbit.    The  lunar  orbit,  however,  yowA  a  method  of  observation,  which 
being  but  slightly  inclined  to  the  eclip-  ne  never  seems  to  have  realised,  but 
tic,  the  retrogradation  of  the  intersec-  which  has  been  re-invented  in  an  im- 
tions  of  the  equator  and  this  orbit  will  proved  form    in    modem   times,    and 
not  differ  materially  from  that  of  the  in-  s<iccessfully  used  by  M.  D*Assas  de 
tersections  of  the  equator  and  the  eclip-  Montdardier.    This  method  consists  in 
tic.    The  joint  effect  of  the  sun  and  fixing  invariably  a  telescope,  and  at  a 
moon  will  produce  a  precession  of  about  considerable  distance  from  it,  in  the 
50"  annually,  and  of  this,  about  33"  are  field  of  view,  an  opaque  object ;  as,  for 
due  to  the  latter  alone.              ^  example,  an  horizontal  l)eam.    In  this 
The  explanation  of  Newton  indicates  way  utificial  occultations  are  produced 
the  true  cause  of  the  great  phenomenon  by  the  disappearance  of  the  star  l)ehind 
of  the  precession  of  the  equinoxes,  so  the  object ;  and  should  the  latter  pass 
long  involved  in  mystery,  and  is  fuUy  at  different  altitudes  at  different  times  of 
worthy  of  the  sagacity  of  its  illustri-  the  year^  it  will  at  one  time  suffer  an 
ous  inventor.     But  in  his  day  analysis  occultation  which  it  will  not  at  another, 

and  mechanics  were  not  sufficiently  ad-    . 

vanced,  to  admit  an  exact  investigation  ,„_^          ^        •«,   uv        .   ,.     . 

^g    *uI7  «».:^..<.   ».»f;/x*t«  /«P  «Ka  ^*fK<«  •  Newton  WM  born  at  woolthorpe.  In  Llncoln- 

of  the  various  motions  of  the  earth  s  ^^^  ,„  ^^  y^,  ,^2 .  ^^  ^^^*'^^  ,^„j^„  ^^ 

axis  produced  by  the  attractions  of  the  1797<  The  fint  edition  of  bie  famous  woik^vx^ 

•iin     moon   and  nlanets       The  fflorv  of  WnclptaM»lheBi»tica,¥fa»^>»Vk)il«A.VuVKa.  \x. 

sun,  moon,  ana  ijianeis.     inc  gioiy  tn  ,,  g^/oua  Iw  liwi\kteu\u vqm«m^«)'  «ii\j!»ia!MX 

Newton  consists  m  having  shown  tnat  rciiiarknbicdi«cottti\c»fotm»an««x%. 
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or  it  may  be  seen  to  pass  at  -one  time  observations  on  several  stars,  found  for 

above,  at  another  below  the  beam:  the  a  mean  about  15^.    But  though  he  an- 

fact,  then,  of  a  changre  of  position,  even  nounced  his  discovery  with  much  con- 

thoug:h  very  small,  may  be  thus  asoer-  fidence  in  the  Copernicus  Triumpkani, 

tain^.     It  is  better,  however,  as  has  we'know  that  his  determination  is  consi- 

been  done  by  M.  D*Assas,  to  make  the  derably  too  grreat,  and  his  means  of  obser- 

object  trian^lar,  and  suffering  it  to  vation  were  apparently  inadequate  to  the 

extend  across  the  whole  field,  to  mea-  solution  of  so  nice  a  problem.  About  the 

sure  the  time  between  the  apparent  im«  same  time,  Cassini  having  observed  the 

mersion    and  emersion;   tnis  interval  variations  of  altitude  in  Sirius,  conceived 

evidently  depending  upon  the  altitude  of  that  he  had  been  able  to  distinguish  the 

the  star.    By  observations  of  this  kind,  effects  of  a  parallax.   But  it  is  unneces- 

M.  D'Assas  seems  to  have  established  sary  to  enumerate  at  any  length  the 

satisfactorily  an  absolute  parallax  of  2''  attempts  of  a  similar  kind  before  the 

for  the  star  Keid*,  I" A3  for  Rigel,  and  time  of  Bradley,  as  the  small  motioDS 

1''.24  for  Sirius  t.  observed  involved  the  effects  of  aberrir 

To  go  back  to  the  year  1660,  we  find  tion  and  nutation,  phenomena   which 

at  that  timeHooke  engas:ed  in  researches  were  then  unknown, 
of  the  same  nature.    With  a  telescope        In  the  year  1725,  two  English  astro- 

of  thirty-six  feet,  placed  vertically,  he  nomers,  Molyneux  and  Bradley,  began 

observed  during  several  years  the  bright  to  observe  with  a  zenith  sector,  the  star 

star  in  the  Dragon's  headj  passing  very  y  Draconis,  which  was  selected  from 

near  his  zenith:  ;he  found  its  altitude  its  passing  very  near  the  zenith  of  thdr 

generally  less  near  the  winter  solstice  observatory  at    Kew*.     Observations 

than  in  the  summer.    This  he  concluded  made  on  the  3d,  5th,  1 1th,  and  1 2th  of 

to  be  the  effect  of  parallax ;  and  pub-  December,  not  having  indicated    any 

lished  his  results  as  a  proof  of  the  motion  material  difference  in  the  place  of  the 

of  the  earth.    Following  the  same  ideas,  star,  they  were  about  to  be  discontinued 

Flamstead,   with    a   mural   quadrant,  for  a  time,  when  Bradley,  having  from 

made  a  series  of  observations  on  the  curiosity  repeated  his   observation  on 

altitude  of  «  polaris,  in  which  he  found  the  17th,  perceived  that  the  star  passed 

variations  of  the  same  kind.      These  rather  more  to  the  southward  than  be- 

variations,  indeed,  had  been  previously  fore.    This  was  at  first  attributed  to  the 

noticed  by  Picard,  when  sent  to  deter-  uncertainty  of  the  observations;  but  it 

mine  the  latitude  of  Tycho's  observatory  was  confirmed  by  the  star's  passage,  on 

at  Urainburg.    But  it  was  shown  by  the  19th,  still  farther  to  the  southward, 

several  astronomers  that  these  could  not  These  appearances    surprised  Bradley 

be  the  result  of  any  annual  parallax ;  and  Molyneux,  since  they  could  not  be 

since  this  would  not  tend  to  make  the  the  result  of  annual  parallax ;   and  at 

zenith  distance  of  this  star  greater  in  first  they  imagined  that  they  might  arise 

winter  than  in  summer,  but  greater  at  from  some  change  of  place  in  the  in- 

the  vernal  than  at  the  autumnal  equi-  strument.    But  this  idea  was  soon  ex- 

nox.  eluded  by  the  regularity  of  the  motion 

Flamstead,  having  been  unsuccessful  observed.  At  the  beginning  of  March, 
in  his  attempt  to  discover  the  parallax  1726,  the  star  was  found  20''  more  south- 
by  the  variations  in  declination.  Homer  erly  than  at  the  time.of  the  first  observa- 
conceived  that  the  variations  in  right  tion ;  and  this  was  the  limit  of  its  pro- 
ascension  would  be  better  adapted  for  gress  in  this  direction :  by  the  middle  of 
the  purpose.  For  many  years  he  pro-  April  it  began  to  return  to  the  north ; 
seculed  observations  with  this  view,  and  about  the  beginning  of  June  had 
which  were  continued  and  published  by  returned  to  the  same  zenith  distance 
his  pupil  Horrebow.  The  results  were  that  it  had  in  December.  It  then  pro- 
not  very  satisfactory:  all  that  Riimer  ceeded to  the  northward  for  about  20"; 
ventured  to  affirm  was,  that  the  sum  of  and  in  September  began  to  return  to  the 
the  parallaxes  of  Sirius  and  «  Lyrae  was  south,  reaching  in  December  the  place 
between  a  minute  and  a  minute  and  a  it  occupied  twelve  months  before, 
half  in  space  J :  Horrebow,  from  his  own  allowing  for  the  precession  of  the  equi- 
^ noxes. 

t  con^oitwnce;  deg  Teme.  1831.  AddiUoM,  ^^  The  order  of  thesc  changes  excluding 

p.  134.  the  idea  of  an  annual  parallax,  Bradley 

t  Phllosoph.  Transact.,  No.  101. — — — . 

♦  Horrebow,  Basis  Astrooomiae  •  V.  PhUos.  Tniwict,  Vol.  xxxj,,  p.  «37, 
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t  sappoied  they  misht  be  caused  of  it  which  will  be  discerned  when  the 
utation  of  the  earUi's  axis.  But  eye  comes  to  A,  is  at  C  when  the  eye  is 
ea  was  rejected,  as  a  smi^l  star,  at  B.  Suppose  BC  a  tube  of  such  a 
nearly  the  same  declination  as  diameter  as  to  admit  but  one  particle 
iconis,  but  differing  from  it  in  of  light:  then  the  particle  of  li^ht  thrown 
ascension  about  180  degrees,  off  from  C,  by  which  the  object  must 
enoed  in  the  same  time  a  change  be  seen  when  the  eye  arrives  at  A,  will 
Uination,  not  amounting  to  more  pass  down  the  tube  BC  if  it  be  inclined 
lalf  of  the  former :  had  the  earth's  to  BD,  at  the  angle  DBC,  and  accom- 
loyed,  the  alteration  in  both  stars  pany  the  eye  in  its  motion  from  B  to  A ; 
this  cause  must  have  been  nearly  and  it  will  not  pass  down  the  tube  if  it 
In  order  to  investi&:ate  the  sub-  have  any  other  inclination  to  BD.  Si- 
ore  completely,  Bradley  erected  at  milarly  if  the  eye  moved  the  contrary 
:ead  a  sector  of  12^  feet  radius,  way,  with  the  same  velocity,  from  D  to 
n  arc  of  about  6^°  on  each  side  of  A,  the  tube  must  he  inclined  at  the 
lith ;  and  with  this  he  examined  angle  BDC.  Although  then  the  line 
lly  during  a  whole  year  the  mo-  drawn  to  the  real  place  of  an  object  be 
of  y  Draconis,  and  several  other  perpendicular  to  the  line  in  which  the 
He  soon  remarked  that  only  body  is  moving,  the  line  drawn  to  the 
stars  situated  near  the  solstitial  apparent  place  will  not  be  so ;  since  it 
had  their  greatest  digressions  must  depend  upon  the  direction  of  the 
the  sun  was  in  the  equinox ;  but  tube ;  and  the  difference  between  the 
lese  digressions  took  place  for  all  true  and  apparent  places  will  depend, 
they  passed  the  zenith  at  six  in  ceoteris  paribus^  upon  the  proportion 
Nrning  or  eveninsic ;  and  again,  that  between  the  velocity  of  light  and  that 
ras  farthest  north  when  it  passed    of  the  eye. 

in  the  eveninc:,  and  farthest  south  If  the  earth  revolve  round  the  sun 
it  passed  at  six  in  the  morning.  annually,  and  the  velocity  of  light  were 
nr  various  conjectures  the  happy  to  the  velocity  of  the  earth's  motion  in 
scurred  to  Bradley,  that  all  these  its  orbit  (supposed  circular)  as  1000  to 
mena  proceeded  from  the  progres-  one,  a  star  really  placed  in  the  pole  of 
notion  of  light,  and  the  annual  the  ecliptic,  would,  to  an  eye  carried 
1  of  the  earth  in  its  orbit.  He  along  with  the  earth,  seem  to  describe 
ered  this  matter  in  the  following  a  circle  round  that  pole  of  3|'  radius.  If, 
Let  CA  l>e  a  ray  of  light  falling  on  the  other,  hand  the  greatest  alteration 
idicularly  on  the  line  I3D ;  then    of  this  star  be  known,  we  may  deduce 

the  proportion  l>etween  the  velocity  of 
light  and  that  of  the  earth  in  its  orbit ; 
and  from  this  we  may  find  the  difference 
between  the  true  and  apparent  place  of 
any  other  star  for  any  time ;  or  con- 
versely, given  this  difference,  we  may 
find  the  proportion  between  the  two 
velocities. 

A  star  neither  in  the  pole  nor  in  the 
plane  of  the  ecliptic  will  appear  to  de- 
scribe about  its  true  place  an  ellipse, 
whose  axis  major  is  parallel  to  the  eclip- 
tic, and  equal  to  the  diameter  of  the 
little  circle  described  by  the  star  in  the 
pole,  while  the  axis  minor  will  be  to  the 
axis  m^jor  as  the  sine  of  the  star's  lati- 
tye  is  at  rest  at  A,  the  object  tude  to  the  radius.  Bradley  proceeds 
ippear  in  the  direction  AG,  whe-  to  show  how  the  semi-axis  migor  of  the 
Snt  be  propagated  in  ,time  or  in-  ellipse  may  be  deduced  from  the  differ- 
neously.  But  if  the  eye  be  moving  enoes  of  declination ;  and,  applying  his 
I  towards  A,  and  light  be  propa-  formulse  to  the  preceding  observations 
In  time  with  a  velocity  that  is  to  on  r  Draconis,  lie  found  fur  the  diameter 
lodty  of  the  eye  as  CA  to  BA,  of  the  small  circle  at  the  pole  40".4. 
ight  moving  from  C  to  A,  while  One  half  of  this  is  the  angle  ACB  in  the 
imovee  from  B  to  A,  that  particle    figure:  hence  we  may  conclude  that 
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This  in  fact  is  quite  true :  the  deter-  base  was  measured  on  the  frozen  surface 

mination  of  a  degree  of  a  parallel  is  a  of  the  river,  about  the  middle  of  the 

difficult  and  delicate  operation ;  and  it  arc ;  and  two  independent  measures,  bj 

is  certain  that  the  arc  of  Cassini  de-  two  sets  of  observers,  differed  only  four 

serves  no  kind  of  consideration.    It  is  inches :  its  length  was  7406  toises,  5 

sufficient  to  observe,  that  the  difference  feet    The  terrestrial  angles  were  ob- 

of  longitude  between  the  extremities,  served  with  a  c[uadrant  of  two  feet ;  the 

was  determined   by   eclipses  of  Jupi-  azimuth  at  Kittis  was  found  by  observ* 

ter*s  satellites,  and  many  of  these  too,  ing  the  sun*s  transit  over  the  vertical  of 

eclipses  observed  formerly  l^  Rcard  the  next  sipial.    The  distance  in  the 

and  La  Hire,  before  pendulum  clocks  direction  or  the  meridian,  between^  the 

were  in  use,  and  when  observers  never  extremities  of  the  arc,  was  determined 

could  have  been  certain  of  their  time  to  by  the  method  of  parallels  and  perpen- 

several  seconds.     Even  blowing  the  diculars,  and  found  equal  to  55023.4 

observer  to  have  knoyen  his  time  accu«  toises.     The   latitudes  were  observed 

rately,  it  is  not  perhaps  too  much  to  with  a  zenith  sector  of  nine  feet  radius, 

allow   half-a-minute  for  the    possible  constructed    by    Graham:    the    same 

error  of  observation  of  the  eclipse  of  a  stars,  namely  a  and  I  Draconis,  were 

satellite ;  an  error  corresponding  on  the  observed  at  each  extremity.  The  differ- 

parallel  between  the  meridian  of  Paris  ence  of  latitudes  was  thus  found  to  be 

and  Brittany  to  5000  Parisian  toises.  57'.  29".  6 :  and  hence  an  arc  of  one 

In  order  to  put  an  end  to  these  doubts  degree  =  57422  toises. 
and  differences  of  opinion  upon  so  These  operations  were  carried  on 
interesting  a  subject,  the  French  Aca-  under  circumstances  of  great  difficulty, 
demy,  with  the  assistance  and  counte-  arising  from  the  nature  of  the  oountiy, 
nance  of  the  king  and  his  ministers,  and  the  severity  of  the  climate.  Yet  so 
resolved  upon  sending  out  two  scientific  much  care  was  taken  in  its  execution, 
expeditions  to  measure  degrees  of  the  that  it  seems  fully  deserving  of  oon6- 
meridian,  the  one  under  the  equator,  dence.  However,  doubts  having  been 
the  other  as  near  to  the  pole  as  circum-  thrown  upon  it,  the  arc  was  remeatured 
stances  would  admit.  An  inspection  of  and  extended  in  both  directions  by 
the  formulae  for  determining  the  ellip-  Swanberg,  in  the  years  1801,  1802,  ana 
ticity  of  the  meridian,  from  the  compari-  1893.  In  both  the  geodetical  and  astro- 
son  of  two  degrees  of  latitude,  shows  nomical  part  he  employed  exchisively 
that  the  most  favourable  combination  the  repeating  circle.  The  length  of  his 
to  be  employed  is  that,  where  the  mid-  arc  was  92778  toises  ;  the  difference  of 
die  point  of  one  of  these  degrees  is  at  latitudes  1°  27'  1^.5:  and  hence  the 
the  equator,  and  that  of  the  other  at  the  arc  of  1°  =  57196  toises.  The  differ- 
pole.  The  last  condition  evidently  can-  ence  between  this  and  the  determination 
not  be  satisfied,  but  it  is  desirable  to  of  Maupertuis  is  very  considerable ;  but 
approximate  as  much  as  possible  to  the  it  is  not  easy  to  point  out  its  origin, 
combination  here  indicated.  For  these  The  geodetic  measures  agree  very  well 
reasons  Bouguer,  La  Condamine  and  as  far  as  they  go  together :  the  latitude 
Godin.  were  sent  to  Peru  in  1 735,  while,  of  Tomea,  as  determined  by  Maupertuis, 
the  following  year,  Maupertuis,  Camus,  agrees  very  well  with  that  found  by 
Clairault,  and  Lemonier,  were  de-  Swanberg ;  unfortunately,  the  latter  has 
spatched  to  Tomea  in  Swedish  Lapland,  not  verified  the  latitude  of  Kittis.  It  is 
This  latter  detachment  completed  their  at  all  events  the  opinion  of  several  able 
operations  several  years  before  the  re-  modem  astronomers,  that  the  arc  of 
turn  of  the  Peruvian  expedition,  which  Maupertuis  deserves  full  confidence, 
had  to  contend  against  a  long  series  of  It  has  been  fully  discussed  by  M.  Rosen- 
physical  and  moral  difficulties.  Not  berger,  who  deduces  from  it  for  the 
that  the  task  of  Maupertuis  and  his  length  of  1°.  57405  toises*. 
companions  was  by  any  means  an  easy  The  comparison  of  the  degree  of 
one.  Their  original  intention  had  been  Lapland  with  those  measured  in  France, 
to  make  use  of  the  islands  in  the  Gulf  of  established  manifestly  the  fact  of  the 
Bothnia  for  their  stations ;  but  this  be-  compression  of  the  earth  towards  its 
ing  found  impracticable,  they  repaired  poles.  Yet  Cassini  and  others,  who 
to  the  valley  of  the  river  Tomea  in  Lap- 

land.      The  SOUthem    extremity  of   their  •  v.  Schumacher's  Astronomische  Nachrlchten. 

arc  was  near  the  town  of  Tomea ;  the  ^®**  ^^^  "**  ^^3.   For  the  original  obseiratioot, 

northern,  at  a  place  caUed  Kittis.  Their  Z.^JT^l'Tto""' "'""'  "*  ^  ^■«™--'^««- 
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had  made  it  a  proktefpheroid,  attaching:  The  northern  limit  of  the  arc  mea- 
an  undue  conndenoe  to  ^e  accuracy  of  sured  by  Bouguer  and  his  companions 
their  measures,  refused  pertinaciously  was  at  a  place  called  Tarqui,  2^'  north 
to  admit  the  oblate  figure ;  and  this  of  the  equator :  the  southern  extremity 
scientific  confroTersy  was  carried  on  for  at  Cotchesqui,  in  south  latitude,  Z"*  4^. 
some  time,  not  without  considerable  A  base  of  6272  toises  was  measured  in 
acrimony.  At  length,  in  the  year  1739,  the  neighbourhood  of  Quito,  near  the 
Cassini  de  Thury,  grandson  of  Domi-  southern  extremity,  and  a  base  of  yeri* 
nique,  assisted  by  La  Caille,  undertook  fication  of  5259  near  TarquL  These 
to  Tenl^  the  arc  of  the  meridian  mea-  bases  were  measured  with  wooden  rods, 
sured  m  France.  In  the  course  of  this  compared  with  a  standard  iron  toise, 
Terification,  which  was  conducted  with  the  expansion  of  which,  for  1*"  of  tenn 
▼ery  great  care,  it  was  discovered  that  perature,  had  been  elegantly  determined 
a  considerable  error  existed  on  the  base  oy  the  observation  of  its  vibrations  in  a 
Bieasured  by  Picard,  which  had  contri-  given  time,  when  swung  as  a  pendulum 
bated  to  the  false  conclusions  of  Cassini  under  different  temperatures.  In  cal- 
regarding  the  figure  of  the  earth.  The  culating  the  arc  of  meridian  from  the 
operations  now  carried  on  were  exe-  triangles,  33  in  number,  the  method  of 
euted  with  all  the  precautions  desirable :  rarallels  and  perpendiculars  was  used, 
six  bases  for  verification  were  measured  xhe  azimuths  were  found  by  observa- 
in  different  parts  of  the  kingdom.  The  tions  of  the  sun  near  the  horizon, 
latitudes  were  found  with  a  zenith  sector  Proper  reductions  were  made  for  the 
of  six  feet  radius,  and  the  same  stars  difference  of  elevation  between  the  ex- 
observed  at  each  station*.  The  re-  tremities  of  the  base,  as  also  l)etween 
suits  fully  confirmed  the  flattening  of  the  different  signals.  Finally,  the  di^i- 
the  meridians  towards  the  poles ;  and  tance  of  the  parallels,  passing  throucrh 
from  this  time  the  figure  ol*  an  oblate  the  extremities  of  the  arc,  was  found  by 
spheroid  was  conceded  to  the  .earth  by  Bouguer,  176940;  by  La  Condamine 
the  common  consent  of  mathematicians  1 76950  toises.  The  latitudes  were 
and  astronomers.  observed  with  a  zenith  sector  of  12  feet 
In  the  meantime  Bouguer,  La  Con-  radius,  the  limb  of  which  was  subse- 
damine,  and  Godin,  were  carrying  on  auently  redivided  by  the  academicians 
their  measure  in  Peru,  under  extraordi-  themselves  by  a  new  and  ingenious 
nary  difiiculties.  These  difficuhies  were  method.  Perplexed  for  some  time  by 
caused  partly  by  the  localities,  and  the  discrepancies  of  their  observations, 
partly  by  the  ill-will  and  indolence  of  (for  they  were  not  yet  acquainted  with 
the  people  of  the  country.  The  place  the  inequality  of  nutation,)  they  at  last 
selected  for  their  measure  was  in  an  resolved  to  make  simultaneous  obser- 
elevated  valley,  l)etween  the  two  prin-  vations  of  the  same  stars  at  the  two 
eipai  chains  of  the  Andes.  The  lowest  observatories.  The  star  principally  em- 
point  of  their  arc  was  at  an  elevation  of  ployed  for  this  pur]X)se  was  i  Orionis. 
a  mile  and  half  above  the  level  of  the  In  this  way  the  difference  of  latitudes 
fea ;  and  in  some  instances  the  heights  was  found  to  be  3°  7'  1" ;  and  tiiey  con- 
of  two  neighbouring  signals  differed  eluded  the  length  of  P,  the  one  =  56746, 
more  than  a  mile.  Encamped  upon  the  other  =>  56 749  toises.  Delambre, 
lofty  mountains,  they  had  to  struggle  who  has  recalculated  this  degree,  finds 
against  storms,  cold,  and  privations  of  56737.  These  trifling  differences  are 
every  description,  while  the  invincible  not  of  much  moment  in  determining 
indifference  of  the  Indians  they  were  the  quantity  of  the  earih's  compression, 
forced  to  employ  was  not  to  be  shaken  and  of  none  at  all  in  proving  the  fact  of 

5  the  fear  of  punishment  or  the  hope  the  flattening  towards  the  poles.     This, 

reward.    Yet  by  patience  and  inge-  indeed,  had  been   established   by   the 

nuity  they  overcame  all  ol>stacles,  and  measures  of  Maupertuis  and  Casnini, 

executed  with  great  accuracy  one  of  the  before  the  return  of  the  academicians 

most  important  operations  of  this  nature  from  Peru.    The  arc  of  Peru  aflbrded 

ever  undertaken.     To  accomplish  this  a  satisfactory  confirmation  of  it,  and 

however  took  them  nine  years,  of  which  furnished  valuable  data  for  determin- 

three  were  occupied  in  the  determination  ing  the  excentricity  of  the  elliptic  meri- 

of  the  latitudes  alone.  dian.    It  was  found  however,  that  the 

— three  measures  of  France,  Lapland,  and 

•For  an  account  of  tbeae  meuurea  aec  Cuilni  p--i,  «a.«c-  when  comnAnHl  twa  AX\d\?«c^ 

6m  Thaty,    Bleridlenne  de  rOtMerrUolrt   Boytl  reni.  gave.  Wnen  COmpaHiaWO  WtfXV«^ 

VMfiM.    Paris,  17^4.    4U>.  together,  mntSttOiV  I^xAV^  \v2lt  VUA  ^^^k- 
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tity ;  and  thd  nUma^us  arcs  since  mea-  begin  with  the  measure  of  the  meridian ; 
sured  have  offered  similar  anomalies,  and  owing  to  the  time  occupied  by  this 
With  the  cause  of  these  we  are  not  fully  latter,  the  former  proposition  was  never 
acquainted ;  but  in  some  instances,  at  carried  into  effect.  Cassini  de  Thuiy, 
least,  we  may  attribute  them  to  local  while  occupied  with  the  verification  of 
disturbances,  such,  for  example,  as  the  the  meridian,  undertook  to  measure  a 
attraction  of  a  considerable  chain  of  degree  of  a  parallel  in  the  south  of 
mountains*.  France.     The  extremities  of  the  arc 

While   these   important    operations    were  Mont  St.  Victoire,  and  a  station 
were  being  carried  on  in  Peru,  consider-    near  Cette.  The  explosion  of  gunpowder 
able  advances  were  made  in  the  theo-    at  a  post  intermediate  to   these  was 
retical  branch  of  this  interesting  inves-    observed,  and  from  the  difference  of 
tigation.    In  the  year  1740,  Maclaurin    apparent  times,  the  difference  of  longi- 
showed  that  the  oblate  spheroid  was  a    tuae  was  concluded  to  be  equal  to  1° 
form  of  equilibrium,  and  gave  an  equa-    53'  19";  the  length  of  the  arc  of  the 
tion  by  which  the   ellipticity  can   be    parallel  between  the  two  meridians  was 
found  when  the  proportion  of  the  centri-    78599.6  toises  t.     The  comparison  of 
f ugal  force  at  the  equator  to  gravity  is    this  with  the  arc  of  the  meridian  between 
known,  supposing  the  earth  to  be  an    Perpignan  and  Rhod6z,  gave  an  ellip- 
homogeneous  fluid.    Maclaurin  showed    ticity  of  y^,.     A  comparison  of   the 
that  when  the  centrifugal  force  is  small,    Peruvian  and  French  arcs  of  the  meri- 
the  eUipticity  is  expressed  by  five-fourths    dian  had  given  an  ellipticity  of  s}^  ;  that 
of  the  ratio  at  the  equator  of  this  force    of  the  Peruvian  and  Swedish  arcs,  ,}, ; 
to  gravity,  that  is  in  the  case  of  the  earth    and  as  we  proceed,  we  shall  find  in  oth^ 
I  X  s^i  =  sir  ;  and  that  gravity  at  the    measures  discrepancies  equally  consi- 
pole  exceeds  the  gravity  at  the  equator    derable.    These  difficulties  weighed  so 
m  the  same  proportion;  and  that  the    strongly  with  Bouguer,  that   he    was 
increase  of  gravity  is  as  the  square  of    inclined  to  reject  the  ellipse  altogether, 
the  sine  of  the  latitude.    In  1 743,  Clair-    and  to  suppose  that  the  increase  of  the 
ault  published  his  Figure  of  the  Earth,    length  of  the  degree  was  proportional 
in  wliich  he  considered  the  subject  in  a    to  the  fourth  power  of  the  sine  of  the 
more  general  way,  discovering  the  form    latitude,  and  that  the  proportion  of  the 
of  equilibrium  on  the  following  supposi-    axis  was  as  178:   179.    But  Laplace 
tions :    First,  that  the  fluid  is  homo-    has  shown  that  such  a  figure  is  incom- 
geneous,  with  a  spheroidal  nucleus  of    patible  with  the  observed  law  of  the 
different  density.     Secondly,  that  the    decrease  of  gravity,  from  the  equator  to 
whole  mass  is  fluid  and  heterogeneous.    Pello  in  Lapland. 
The  form  of  possible  equilibrium   in        The  anomaly  offered  by  a  degree  of 
these  cases  is  approximately  an  elliptic    the  meridian  measured  in  1752,  near 
spheroid ;  the  ellipticity  varies  with  the    the  Cape  of  Good  Hope,  by  La  Caille, 
law  of  density,  and  other  circumstances,    was  still  more  remarkable  than  any  of 
but  in  all  cases  the  following  theorems    the  preceding.    This  astronomer,  who 
are  true.    The  increase  of  gravity  is  as    enjoys  the  highest  reputation  as  an  ob- 
the  square  of  the  sine  of  the  latitude ;     server,  took  advantage  of  a  residence  at 
and,  secondly,  the  sum  of  the  ellipticity,    the  Cape,  undertaken  for  the  purpose 
and  of  the  ratio  of  the  whole  increase  of    of  observing  the  southern  stars,  to  mea- 
gravity,  to  the  equatorial  gravity,  is  |  x     sure  a  degree  of  latitude  in  the  southern 
the  ratio  of  the  centrifugal  force  at  the    hemisphere.    All]  the  usual  precautions 
equator,  to  the  force  of  gravity  there,    were  taken,  the  instruments  appear  to 
This  last  important  theorem  has  been    have  been  good.  La  Caille  himself  was 
distinguished  by  the  name  of  its  in-    one  of  the  ablest  astronomers  of  the 
ventor.  eighteenth  century;    yet  according  to 

It  had  been  the  intention  of  Godin  this  pleasure,  a  degree  in  the  southern 
and  La  Condamine  to  measure  a  degree  hemisphere,  whose  mean  latitude  is  33® 
of  longitude  at  the  equator;  and  they  20',  is  equal  to  a  degree  in  the  northern 
even  wished  to  have  commenced  then:  hemisphere,  whose  latitude  is  45°.  The 
operations  with  this.  But  the  idea  was  amplitude  of  the  arc,  deduced  from  ob- 
strenuously  combated  by  Bouguer,  who  servation,  was  1°  13'  17".5  ;  the  length 
procured  an  order  from  the  minister  to    69669.1  toises;  and  hence  1°  =  57034.4 

•  For  a  complete  account  of  the  Peruvian  de-      — — 

gree,  lec  Bouguer,  Figure  de  la  Tcrre.  Paris,  17*9.        f  For  an  account  of  this  measure,  see  the  Meri- 
^^^'  dlennt  Viriflee,  p.  96.  ,•«"»*  «er 
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tojses.  So  surprised  wa»  La  Caille  at  history  of  astronomy.  It  owes  this 
this  result,  that  he  remeasured  the  base,  character  generally  to  the  ^eat  inl- 
and recomputed  all  the  triangles,  still  provements  in  the  art  of  observing  then 
obtaining  the  same  result.  It  did  not  mtroduced,  and  more  particularly  to 
appear  to  him  that  the  observations  of  the  labours  of  Bradley,  La  Caillc, 
the  terrestrial  angles  or  celestial  zenith  and  Mayer.  It  was  now  that  the 
distances  were  open  to  any  doubt.  transit  instrument  and  mural  quadrant 
The  limits  of  this  treatise  compel  us  began  to  be  extensively  employed ;  and 
to  pass  rapidly  over  two  degrees  mea-  from  this  time  we  can  date  the  formation 
sured  in  Italy,  the  one  near  Rimini,  by  of  good  catalogues,  and  collections  of 
Boscovich  and  Le  Maire*,  the  other  in  really  trustworthy  observations.  For 
Piedmont,  by  Beccaria.  Astronomers  scientific  purposes,  observations  made 
never  seem  to  have  placed  much  confi-  before  the  year  1750  are  rarely  if 
dence  in  the  latter.  The  same  arc  has  ever  used.  It  may  seem  surprising  that 
been  remeasured  a  few  years  ago  by  the  transit  instrument  invented  by 
nana  and  Carlini,  who  found  an  error  Romer,  and  the  mural  quadrant  by 
of  13"  in  the  amplitude.  The  former  Picard,  should  not  have  been  more  pro- 
d^Bfree  (that  of  Boscovich)  has  been  fitablv  employed  before  this  time.  AVhen 
criticised,  but  it  has  found  able  defenders.  Bradley  succeeded  to  the  place  of  Astro- 
Xliis  is  not  the  place  for  entering  into  nomer  Royal  in  1742,  he  found  a  transit 
discussions  on  the  details  of  such  opera-  instrument  of  five  feet,  which  had  been 
tions ;  nor  can  we  even  pretend  to  give  erected,  but  ver>'  little  used,  by  Halley. 
an  account  of  the  various  experiments  Similar  to  the  original  instrument  of 
of  this  kind,  instituted  in  different  coun-  Romer,  the  telescope  of  this  transit  was 
tries,  and  at  different  times.  But  we  26  inches  nearer  one  extremity  of  the 
cannot  pass  over  in  silence  the  arc  axis  of  rotation  than  the  other ;  and  in 
measured  in  Pennsylvania  by  Mason  and  other  respects  its  construction  was  ob- 
Dixon,  in  the  year  1764,  from  the  re-  jectionable.  Bradley  procured  a  new 
markable  circumstances  connected  with  transit  instrument  of' eight  feet,  with  an 
it.  This  operation  differs  from  all  others  axis  of  4^  feet,  and  an  additional  mural 
in  this  respect,  that  no  triangles  were  quadrant  of  8  feet  radius  *.  The  zenith 
used,  but  the  whole  line  (nearly  100  sector,  with  which  he  had  discovered 
miles)  measured  with  rods.  By  means  the  aberration  and  nutation  at  Wan- 
of  a  clock,  the  transit  instrument  was  stead,  was  so  placed,  as  to  be  used  for 
directed  upon  certain  stars  at  the  mo-  verifying  the  line  of  collimation  of  the 
mcnt  of  their  culminating,  and  then  two  mural  quadrants.  With  these  in- 
used  to  place  a  mark  in  the  direction  of  struments,  and  an  excellent  clock, 
the  meridian.  Thus  the  line  might  be  Bradley  made,  during  twelve  years, 
prolonged  in  that  direction,  or  if  it  de-  (from  1750  to  1762,)  one  of  the  most 
viated  from  it,  the  azimuth  might  be  extensive  and  valuable  series  of  obser- 
measured  and  allowed  for.  The  lati-  vations  ever  executed  by  an  individual. 
tildes  were  observed  with  a  six-feet  They  have  been  discussed  at  ^reat 
sector,  which  was  reversed  at  each  sta-  length  by  M.  Bessel,  who  has  deduced 
tion.  The  amplitude  of  the  arc  was  from  them  a  number  of  important  con- 
found 1®  28'44'\99  ;  the  length,  538079  elusions,  with  regard  to  the  places  of 
feet:  hence  the  degree  of  a  meridian,  the  fixed  stars,  to  refraction,  and  other 
whose  mean  latitude  is  39°  12',  is  equal  objects  of  equal  intcrestf. 
to  60628.7  English  fathoms,  or  56888.3  The  labours  of  La  Caille  in  Frnncc 
P^rench  toiscs.  were   contemporaneous   with  those  of 

Bradley  in  England,  and  much  of  the 

Chapter  XIX.  same  nature.     We  have  already  had 

w                  ^  •    ^t       ^  ^  ^r        •  occasion  to  allude  to  his  vova<;e  to  the 

Imprf^entmiheariofObsefvi^^^  Cape  of  Good  Hope.    This  was  under- 

Bradley j-UCmlle-^Mayer,^Equa.  ^^^^     ^^1    ^^  determine  more  accu- 

ttons  of  cMuUtton.'^Return  of  the  ^  j   ^^    parallax  of  the  sun,  and  partly 

comet  of  Halley, — Periodic  Comets  /        f                                    *       ^ 

nthMequently  dificovered. — Transits  of 

Venus  in  the  years  n %\  Oflrf  1769.  «  The  objcct-gUiit    of  thU   tranHt   wan   not 

achromatic.    The  eye-piece  maKiiii'tt-d  lifly  times. 

ThB    middle  of  the    eighteenth  century  There  were  five  paTallel  wired  in  n.e  ti.l.l. 

fn.     ,-     .    -a--,  imTmrfanf    Pnnrh    in    ihp  t  V.  Fundamenta    Aitronomiio.      Kr.iiiB»brrjr. 

forms  a  very  imi)orTant  epocn  m  me  ^^^^     ^^^^^     According  to  junseu  nradiey'« 

'■'—'^^—^-^^^^-^———'■•—^——  erron  hi  right  ascension  are  under  1"  \  tho»e  of 

«  la  the  ytar  1750.  df  cUnation  under  4"  of  space. 
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to  form  a  catalosfue  of  the  stars  in  the  in  a  parabola  or  an  ellipse :  for  the 
southern  hemisphere,  that  of  Halley  former  curve  may  always,  and  in  this 
bein^  altog;ether  insufficient.  In  the  instance  more  especially,  be  considered 
latter  object  La  Caille  succeeded  com-  a  particular  case  of  tne  latter.  The 
pletely ;  havini^  within  ten  months  ob-  &ets  of  the  case,  all  prejudice  bein^  put 
served  ten  thousand  stars :  in  the  former  aside,  appear  to  be  these.  From  the 
he  was  not  quite  so  fortunate ;  in  fact,  earliest  times  there  were  some  phi« 
the  transits  of  Venus  in  1761  and  losophers  who  conceived  that  comets 
1769,  have  now  superseded  altogether  were  analogous  in  their  constitutions 
other  methods ;  and  the  attempt  to  con-  and  motions  to  the  planets  of  our  sys- 
elude  the  solar  parallax  from  observa-  tem.  This  has  been  sufficiently  shown 
tions,  such  as  those  of  La  Caille,  will  in  a  former  part  of  this  treatise.  It  has 
not  probably  he  again  resumed.  On  been  seen  too,  that  in  modern  times 
his  return  to  Paris,  he  devoted  himself  there  were  found  those  who,  unbiassed 
assiduously  for  the  rest  of  his  life,  to  ob-  by  Aristotelian  prejudices,  maintained 
servation  and  calculation.  The  perfec-  the  truth  of  ttnis  analogy.  As  the 
tion  of  the  theory  of  the  Sun,  re-  Peripatetic  philosophy  in  general  de- 
searches  on  the  law  and  magnitude  of  clined,  the  number  of  those  who  con- 
refraction,  and  a  catalogue  of  four  bun-  ceived  comets  not  to  be  meteors,  but  per- 
dred  of  the  principal  stars,  are  the  most  manent  bodies,  like  the  planets,  increased, 
remarkable  productions  of  this  distin-  And  very  naturally,  as  long  as  the  plane- 
euished  astronomer.  It  is  a  curious  tary  orbits  were  supposeacircular,  such 
illustration  of  what  has  been  said  above  persons  would  suppose  comets  to  de- 
regarding  the  transit  instrument,  that  scribe  circular  patns.  But  as  soon  as 
La  Caille,  in  the  middle  of  the  eighteenth  it  was  known  tnat  the  planetary  orbits 
century,  employed  the  method  of  corre-  were  elliptic,  they  would  ascribe  the 
spending  altitudes,  for  determining  the  same  form  to  the  orbits  of  comets. 
right  ascensions  of  these  stars.  This  indeed  is  not  altogether  hypothe- 
Tobias  Mayer  deserves,  on  many  sis :  we  know  that  Tycho  Brahe,  who 
accounts,  the  honour  of  tveing  associated  maintained  that  the  earth  was  the  centre 
with  Bradley  and  La  Caille,  among  the  of  the  celestial  motions,  suppose  every 
greatest  astronomers  of  the  last  century,  comet  to  move  in  an  arc  of  a  great 
As  we  shall  have  occasion  to  notice  him  circle  of  the  sphere ;  and  when  the  doc- 
again,  we  shall  now  merely  allude  to  trines  of  Copernicus  had  triuiliphed, 
his  important  researches  on  the  theory  and  those  of  Kepler  were  beginning  to 
and  laws  of  refraction,  his  Tables  of  obtain  credit,  we  find  the  Earl  of  North- 
the  Sun  and  Moon,  and  his  catalogue  umberland  remarkinjTt  in  a  letter  to 
of  Zodiacal  stars.    The  works  of  Mayer  Harriott,  when  speaking  of  Kepler,— 

have  not  been  so  numerous  as  those  of  "  I  am  much  in  love  with hii 

many  others,  but  for  their  importance,  elliptical  iter  planetarum, — fbrmethinki 

and  the  talent  shown  in  their  execution,  it  snewes  a  way  to  the  solving  of  the    I 

they  claim  the  very  first  place.  While  yet  unknown  walkes  of  comets**'    Thus,    ' 

quite  a  young  man,  he  had  given,  in  a  too,  Borelli,  in  1665,  had  conjectured 

Memoir  on  the  Libration  of  the  Moon,  the  elliptic  form  of  these  orbits ; — as  has 

the  first  exam^jle  of  the  use  of  equations  already  been  stated.    Kepler  had  not 

of  condition  m  determining  simultane-  recognized  the  analogy  perceived  l^  so 

ously  the  corrections  to  be  applied  to  all  many  of  his  successors,  and  had  eon- 

the  quantities,  which  enter  into  the  ana-  tended  that  the  trajectory  of  a  comet  was 

lytical  expressions  for  the  longitude  and  a  right  line.  Hevelius  followed  the  same 

latitude  of  a  planet.    This  method,  which  ideas,  but  we  must  allow  him  the  credit 

has  now  become  of  daily,  and  indeed  it  of  having  remarked,  and  indetKi  proved, 

may  be  said  indispensable,  use  to  astro-  that  the  rectihnear  orbit  was  not  rigo^ 

nomers,  enables  them  to  employ  thou-  ously  accurate,  but  that  there  wat  a 

sands  of  observations  for  correcting  the  sensible  deflection  from  it,  so  that  the    j 

elements  of  their   tables ;   and  conse-  trajectory  in  fact  approximated  to  the 

quently  has  given  a  precision  to  the  nature  of  a  parabola.    But  Hevelius  by 

latter,  which  has  produced  most  im-  . 

portant  results  for    astronomy,    naviga-         *  De  Zach.  Corrnpood.  Astronom.  voL  rli.  p. 

tion,  and  geography.  }}?-    ^J  *»°  not  know  the  date  of  ihU  rcBariol^ 

A  1       I  I      J-  1-  letter }  it  must  be  some  Ume  b«tweeD  1006  Ml    i>, 

A  considerable  discussion  has  arisen  leiS)  as  it  wm  written  while  the  KviwusDrf-   ,'J 

upon  the  point  to  whom  we  are  indebted  •°"*'^  J"  **"  Tower,  to  which  he  wu  tent  in  im,  L 

for  the  first  idea  of  the  motion  of  comets  J--;"*"'" '«»»»»«» ""iw.  H«ri«»dw  it  i^ 
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DO  means  admitted  the  permanent  na-  with  his  usual  genius*  he  perceived  that 
tare  and  return  of  comets ;  nor  did  he  the  cause  of  this  was  in  the  planetary 
suppose  as  we  do  now,  the  visible  arc  to  attractions,  he  was  unable  to  calculate 
be  that  of  an  ellipse,  which  from  its  great  in  any  satisfactory  way  their  effect 
excentricity  is  sensibly  identical  with  a  upon  the  time  of  the  next  apparation. 
parabola.  The  parabola,  accordinc:  to  But  the  great  progress  of  matnematical 
nim,  was  the  result  of  the  deflection  science  in  the  interval,  enabled  Clair- 
from  a  straight  line,  produced  by  the  ault  to  resume  with  success  the  calcu- 
af fraction  of  the  sun :  it  does  not  ap-  lation  of  those  perturbations.  Having 
|)ear  clearly  whether  or  not  he  meant  to  by  profound  and  ingenious  calculations 
place  the  sun  in  the  focus  of  the  para-  determined  the  disturbing  effects  of  Ju- 
bola.  It  has  been  supposed  by  nearly  piter  and  Saturn  on  the  comet  at  its 
all  the  astronomers  who  have  discussed  fast  reappearance,  he  found  for  a  defi- 
this  point  in  later  times,  that  the  honour  nitive  result,  that  the  new  period  would 
of  having  first  established  the  parabolic  exceed  the  preceding  by  about  618  days, 
form  of  the  orbit,  the  sun  occupying  the  and  he  fixed  for  the  time  of  its  next 
focus,  belongs  to  Durfel,  minister  of  passage  through  the  perihelion  4th  of 
Plauen,  in  Upper  Saxony«  who  showed  April,  1759*.  The  realization  of  this 
that  this  was  the  case  for  the  famous  prophccv  was  one  of  the  most  re- 
comet  of  1680,  and  extended  the  propo-  markable  events  in  the  annals  of  astro- 
sition  by  induction  to  all  comets  *.  But  nomical  science,  and  one  of  the  proudest 
it  has  been  said  by  some,  that  he  was  triumphs  of  the  Newtonian  theory.    It 

Sri'oeded  in  this  discovery  by  Frederic  has  immortalized  Hailey,  whose  name 
ladeweis,  an  astronomer  of  Berlin,  in  has  l)een  justly  attached  to  this  memo- 
a  work  on  the  same  comet.  This  work  rable  comet,  and  it  conferred  additional 
of  Madeweis  is  only  known  (as  far  honour  on  the  already  illustrious  Clair- 
as  we  are  aware)  by  a  notice  of  Ries,  ault.  It  is  singular  that,  though  several 
professor  at  Tubingen,  who  has  stated  able  astronomers  were  on  the  look-out 
DO  particulars,  and  with  whom  we  are  for  it  in  France,  it  was  first  perceived 
only  acquainted  from  a  quotation  given  by  a  Saxon  peasant  named  Palitsch,  on 
l^deZacht.  the  25th  of  December,  1758.  It  was 
Finally,  the  question  was  taken  up  by  soon  recognized  for  the  comet  of  1682 
Newton,  who  taught  that  comets  like  inGermanv;  yet  the  news  of  its  dis- 
the  planets  revolved  in  ellipses  round  covery  dicf  not  reach  Paris  till  long 
the.  sun,  but  that  their  ellipses  being,  afterwards.  In  the  mean  time  it  had 
unlike  those  of  the  planets,  very  excen-  been  discovered  on  the  ]8th  of  January 
trie,  the  arc  visible  to  us  was  sensibly  by  Messier,  who  continued  to  observe 
identical  with  a  parabola;  and  he  it  in  secret  according  to  the  orders  of 
showed  how  to  calculate  the  elements  his  patron  De  I'lsle,  till  the  14th  of 
of  a  comet's  orbit  from  three  observa-  February,  when  the  matter  could  no 
tions  in  this  hypothesis.  The  subject  loneer  be  concealed.  But  the  comet 
was  taken  up  with  ardour  by  Hailey;  had  then  approached  too  near  the  sun 
and  it  has  been  seen  that  he  ascertained  to  be  seen ;  and  the  French  astronomers 
the  identity  of  the  comet  of  1682,  with  were  obliged  to  content  themselves  with 
those  of  the  years  1607  and  1532.  So  observing  it  in  the  second  branch  of  its 
satisfied  was  he  of  their  identity,  that  orbit.  Such  disgraceful  conduct  as  that 
he  did  not  hesitate  to  predict  its  return  of  De  Tlsle  is  fortunately  of  rare  occur- 
about  the  year  1758;  and  conjured  pos-  rence  among  men  of  science. 
teritv  to  remember  if  his  prediction  was  For  a  long  time  this  was  the  only 
verined,  that  the  discovery  was  of  Eng-  comet  certainly  known  to  return,  and 
lish  origin.  It  may  easily  be  supposed,  whose  periodic  time  had  been  fixed, 
that  as  the  year  1 758  drew  near,  great  Analogy  indeed  led  men  to  suppose, 
curiosity  was  excited,  to  see  whether  the  that  if  one  comet  certainly  revolved  in 
prediction  would  be  accomplished.  The  an  ellipse,  and  revisited  our  system  at 
greatest  difficulty  of  Hailey  in  predicting  regular  intervals,  that  such  also  would 
the  return,  had  been  in  the  inequality  of  be  the  case  with  others ;  but  this  was  a 
the  two  preceding  periods ;  and  though,  point  venr  difficult  to  verify.  For  in 
most  of  the  ellipses  hitherto  calculated 

•  Hie  work  of  Dorfel  is  excesuiyely  nn  j  neither ____^ 

Plnfri  nor  DeUmbre  had  ever  Reen  it  \  it  was  pnb-  •  Clairaalt  himielf  did  not  prrtend  to  predict 

-  IMied  Id  L68L )  «  short  account  of  it  bjr  Mathlea,  this  paHage  within  a  month,  frum  the  nnavoidable 

^vldgcd  ftrom  Barckhardt,  may  l>e  found  In  Um  uncertainty  of  neycral  elements  of  hi4  calculation. 

BbMre  de  rAstrononiie,  an  IBme.  sitele,  p.  671*  The  comet  passed  IM  perUicUoa  ou^^  Y^  ^ 

■     •  OonvtpOBd.  Aiiron.,  toU  tU.  p.  138.  lI■rcl^ 


100  HISTORY  OF  ASTRONOMY. 

for  various  comets,  the  periodic  times  ments,  who  sent,  at  their  expense,  a 

hare  been  so  considerable,  that  future  nomers  to  various   parts  of  the    { 

generations  alone  can  witness  their  re-  favourably  situated  for  the  observs 

appearance.     This   however  was   not  The  French  government  sent  Le  C 

the  case  of  the  first  comet  of  1770,  for  to  Pondicherry,  La  Chappe  to  Tob 

which  Lexell  found  an  ellipse,  with  a  and  Pingr6  to  the  isle  of  Rodrigui 

periodic  time  of  five  years  and  seven  the  Indian  ocean,  not  far  from  the  1 

montlis ;  yet  from  causes  not  sufficientlv  ritius.   Great  Britain  despatched  lA 

Icnown  it  has  never  since  reappearea.  to  the  Cape  of  Good  Hone,  and 

But  the  present  century  has  witnessed  kelyne  to  St.  Helena.    Cloudy  we 

the  singular  and  interesting:  discovery  of  prevented  Le  Gentil  from  making 

two  comets  returning  at  short  periods;  observation:  the  same  cause  him 

the  one  accomplishing  its  revolution  in  Maskelyne  from  observing  the  end 

about  three  years  and  foiu*  months,  the  Pingr6  the  beginning  of  the  transit : 

oUier  in  rather  more  than  six  years  and  unfortunately  the  observations  ai 

a  half.    The  orbits  of  both  of  these  re-  Cape,  and  the  island  of  Rodriguez, 

markable  bodies  lie  within  that  of  Ju-  compared  with  the   northern  obi 

piter,  so  that  in  every  sense  of  the  word  tions,  gave  different  results  for  the 

they  form  a  part  of  our  system,  differ-  paraUax.    We  now  know  that  th 

ing  from  the  planets  only  in  the  great  servation  at  the  Cape  was  correct 

.  excentricity  of  their  ellipses.  The  former  this  was  at  that  time  uncertain,  az 

of  these  was  recognized  as  a  periodic  doubts  still  hanging  over  the  qu 

comet  for  the  first  time  in  the  year  induced  the  different  govemmen 

1819.     M.  Ara^  then  remarked  the  make  still  greater  exertions  for  th 

great  analogv  of  its  elements  with  those  servation  of  the  transit  of  1 769.    F 

of  a  similarbodyseenin  1805;  and  Dr.  sent  the  Abb6  Chappe  to  Califc 

Olbers  pointed  out  its  identity  with  the  England,  Dymond  and  Wales  to 

comets  of  1759  and  1789.    M.  Encke  son's  Bay,  Call  to  Madras,  and  < 

found  the  orbit  to  be  sensibly  elliptic,  to  the  isdand  of  Otaheite,  in  the  i 

and  that  it  had  performed  four  complete  Sea :  several  Russian  observers 

revolutions  l)etweenn  8 05  and  1819.   He  stationed  at  various  points  of  Si 

was  enabled  to  predict  its  reappearance  and  the  Russian  empire :  the  ki 

for  the  year  1824,  which  prediction  was  Denmark  sent  Father  Hell  to  the 

exactlv  verified,  and  it  has  been  ob-  of  Wardhus,  near  the  North  Cape 

served    again    in    its    subsequent   ap-  the  king  of  Sweden,  Planmann  t< 

preaches  to  the  sun,  so  that  the  elements  anebourg  in  Finland.    At  the  stati( 

of  its  orbit  are  known  with  as  much  Hudson's  Bay,  California,  Otaheiti 

accuracy  as  those  of  many  of  the  planets.  Wwxihus,  the  observations  were 

The  latter  of  the  two  periodic  comets  pletely  successful;   and  this  imp 

was  first  discovered  by  M.  von  Biela,  in  question  was  now  finally  decided. 

Bohemia,  in  the  year  1825 :  it  was  soon  a  great  deal  of  discussion  by  the 

recognized  as  identical  with  the  comets  eminent  astronomers,  the  parallax 

of  1772  and  1806  ;  and  its  elliptic  orbit  sun  has  now  been  .fixed  at  »".  6,  a 

and  perturbations  have  been  calculated  are  pretty  sure  that  the  error  do< 

with  considerable  precision.    From  the  exceed  the  tenth  part  of  a  second, 
increased  attention  now  paid  to  the  ob- 
servation of  these  small  but  interesting 

bodies,  we  may  confidently  anticipate  Chapter  XX. 
results  of  a  very  remarkable  nature. 

The  method  of  determining  the  sun's  Determination    of  Terrestnal  1 
parallax  from  observations  made  on  the  tudes. —Method  of  Lunar  Dist 
transit  of  Venus,  has  been  explained  in  — Improvement  of  the  Tables.— 
a  preceding  chapter,  and  mention  has  ault.— Mayer.  —La   Place.  — R 
been  made  of  the  pathetic  address  of       ing  Instruments.— Repeating  ( 
Halley  to  future  astronomers,  conjuring  —Mayer.  —  Borda.  —  Chronon 
them  not  to  suffer  the  transits  of  1761  —Harrison. 
and  1769,  to  pass  without  the  accom- 
plishment of  this  purpose.    The  ideas  The  determination  of  terrestrial 
of  Halley  have  been  executed  to  their  tudes  by  the  observation   of  ce 
fullest  extent.    The  object  was  thought  phenomena,  is  the  most  importai 
of  suflScient  importance  to  be  taken  up  plication  of  astronomy  to  the  pui 
by  several   of  the  European  govern-  of  civil  life.    The  problem  is,  in  fi 
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find  the  time  TedcoMd  at  a  iriren  instant  the  increased  mass  of  good  ohservations, 
at  Greenwich,  correspondin|f  to  the  enabled  Mayer,  who  was  at  once  a  pro- 
time  counted  at  the  same  mstant  by  found  mathematician,  a  patient  calcu- 
the  observer  under  any  other  meridian,  lator,  and  a  good  practical  astronomer. 
All  the  methods,  of  any  practical  utility  at  to  form  lunar  tables  of  sufficient  accu- 
sea,  hitherto  proposed,  may  be  referred  to  racy  to  be  employed  for  the  purposes  in 
one  of  two  classes :  those  depending^  on  Question  *.  For  this  valuable  service, 
observations  of  the  place  of  the  moon ;  tne  widow  of  Mayer  received  a  recom- 
and  those  which  depend  on  the  trans-  pense  of  3000^  from  the  British  govem- 
port  of  time  from  the  first  meridian  *.  ment ;  nor  does  this  reward  appear  at 
The  former  are  founded  upon  this  prin-  all  excessive.  Still,  by  this,  only  one 
eiple :  the  trtie  place  of  the  moon's  part  of  the  difficulty  was  removed  ; 
eentre,  that  is,  her  place  corrected  for  there  remained  that  of  the  observation, 
parallax  and  refraction,  is  the  same  at  a  Gemma  Frisius  had  proposed  the  plan 
eiven  instant  for  every  meridian.  If,  now  adopted,  of  observing  the  distance 
tnen,  the  observer  can  at  any  moment  find  of  the  moon  from  a  known  fixed  star, 
that  place,  he  may  calculate  from  the  But  the  difficulty  of  this  observation. 
lunar  tables  the  Greenwich  time  cor-  l)efore  the  invention  of  reflecting  instru- 
respondin^to  that  position  of  the  moon's  ments,  caused  Lemonnier  and  Bouguer 
eentre.  The  reason  why  the  moon  is  to  suggest  other  methods.  That  or  the 
■elected  for  this  purpose  is,  the  great  latter  consisted  in  determining  the  time 
rapidity  of  her  motion,  compared  to  that  of  the  moon's  transit  over  the  meridian 
of  any  of  the  other  planets.  For  if  we  by  the  observation  of  corresponding 
take  the  sun,  which  moves  so  much  altitudes ;  but  this  is  objectionable  from 
slower,  and  if  we  allow  his  place  to  be  the  corrections  required  for  the  irregu- 
determined  with  an  uncertainty  only  of  larity  of  the  moon's  motion,  and  the 
a  quarter  of  a  minute  in  space  (a  suppo-  motion  of  the  vessel  in  the  interval,  be- 
sition  in  reality  much  too  favourable),  sides  other  practical  inconveniences 
this  will  leave  an  uncertainty  of  nearly  which  are  sufficiently  obvious.  Lemon- 
ax  minutes  in  time  on  the  longitude,  nier  proposed  to  find  the  moon's  place 
Bat  if  we  take  a  body  which,  like  the  by  absolute  altitudes ;  this  does  not 
■oon,  moves  thirteen  times  faster,  the  seem  to  be  by  any  means  a  convenient 
VBoertainty  on  the  longitude  with  the  method,  since  it  supposes  us  to  know 
same  accuracy  of  observation,  will  be  the  moon's  declination,  which  itself  de- 
thirteen  times  less.  This  advantage  is  pends  upon  the  longitude  to  be  found ; 
so  obvious,  that  the  method  of  finding  and  it  can  only  lead  to  an  accurate  result 
the  longitude  by  observation  of  the  by  a  series  of  trials.  The  invention  of 
moon's  place  had 'occurred  to  several  Hadley's  quadrant  permitting  the  ol>ser- 
astronomers  as  early  as  the  sixteenth  vationof  distance  to  be  made  with  conve- 
century.  When  speaking  of  Morin,  we  nience  and  accuracy.  La  Caille  with  great 
haye  seen  that  it  had  been  enounced  by  justice  strongly  advocated  this  method 
Gemma  Frisius,  Nonius,  and  others ;  m  preference  to  all  others.  The  same 
but  without  good  lunar  tables,  and  good  opinion  was  expressed  by  Mayer,  and 
means  of  observation,  the  idea  could  warmlytakenupby  Maskelyne,  towhom 
have  no  practical  utility.  On  this  ac-  the  definitive  success  of  this  important 
count,  the  commissioners  appointed  to  method  is  in  a  great  measure  to  be 
report  on  Morin's  claims  decided  with  attributed.  It  cannot  be  expected  that 
good  reason,  that  he  could  claim  no  navigators  should  be  able  to  spare  time 
reward,  the  real  difficulties  of  the  ques-  for  the  laborious  task  of  computing  from 
tion  lying  in  the  circumstances  just  the  lunar  tables  the  distances  to  the 
mentioned.  And  these  difficulties  were  fixed  stars  that  the}r  may  have  occasion 
not  surmounted  till  the  middle  of  the  to  employ.  To  obviate  the  necessity  of 
eighteenth  century.  At  that  time,  the  this,  Maskelyne  induced  the  British 
mat  pro^ss  of  physical  astronomy.  Board  of  Longitude  to  publish  annually 
bj  indicating  h  priori  the  form  of  all  a  Nautical  Ephemeris,  containing  the 
file  inequalities  in  the  lunar  theory,  and  places  of  the  sun  and  moon  for  every 

twelve  hours,  and  the  distances  of  the 

latter  from  the  fixed  stars.    These  lat- 

•  Tht  method  propoMd  by  Haiiey,  of  finding  tcr  are  now  published  for  every  three 

the  loimltndt  at  sea  ftom  obsenrations  of  the  Tail-    _^___^ 

■doD  of  the  raanetic  needle,  !■  impracUcable,  fhim  """""^ 

tta  Irresularitfoa  in  tbe  lines  of  equal  vartotioD,  *  The  Tables  of  Hayer  were  pnblis^edhi  Uht 

aad  tiM  twtXuA  ctaaoset  In  Uielr  podUon.  kdyat,  ^oadoii,  1770,  4\o« 
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houn,  so  that  by  an  easy  interpolation*  sive  propagation  of  gravity;  but  th^M 
the  distance  for  any  intermediate  instant  and  other  reasons  were  found  upon 
may  be  found.  examination  to  be  insufficient.  At 
The  intimate  connexion  between  the  last.  La  Place  discovered  that  it  was 
problem  of  the  lon8:itude  and  the  theory  owing  to  the  secular  diminution  in  the 
of  the  moon,  induces  us  to  say  a  few  excentricity  of  the  terrestrial  obit.  U 
words  in  this  place  upon  the  ameliora-  had  been  shown  by  La  Place  and  La 
(ions  introduced  into  the  latter  since  the  Grange,  that  amid  all  the  changes  pro- 
time  of  Newton.  Clairault  was  the  first  duced  by  the  mutual  action  of  the 
to  investif^ate,  in  a  general  and  scienti-  planets  on  each  other,  the  major  axes 
fie  way,  the  problem  of  the  three  bodies,  of  their  orbits  remain  invariable ;  but 
as  it  has  been  called :  viz.  to  find  the  the  exoentricities,  the  inclinations  to  a 
motions  of  the  moon,  exposed  simultane-  fixed  plane,  the  positions  of  the  nodei 
ously  to  the  attractions  of  the  earth  and  perihelia  vary  slowly.  These  vari- 
an4  sun,  and  attracting  them  in  re-  ations  are  comprised  within  limits  not 
turn.  The  problem  is  simplified  by  the  very  extended,  but  their  progress  is  so 
mass  of  the  sun  being  incomparably  slow  as  only  to  be  perceptible  at  the  end 
greater  than  the  other  two,  and  conse-  of  several  centuries.  Of  this  nature  is 
quently  nearly  at  rest,  relatively  to  the  gradual  diminution  of  the  obliqui^ 
them ;  and  its  distance  so  great,  that  it  of  the  ecliptic,  long  disputed,  and  now 
may  be  supposed  the  same  for  both,  known  to  be  a  consequence  of  the  law 
With  these  data,  the  question  is  to  of  gravitation.  Such,  too,  is  the  seaular 
determine  the  irregularities  produced  in  diminution  of  the  excentricity  of  the 
the  elliptic  motion  of  the  moon  round  earth's  orbit,  of  which  we  have  been 
the  earth, — assuming  the    Newtonian  speaking. 

law  of  gravitation  and  a  knowledge  of  We  owe  to  La  Place  the  detennina- 
the  masses.  In  his  first  essays,  Clair-  tion  and  explanation  of  another  inequa- 
ault  found  for  the  movement  of  the  lity  which  had  for  some  time  emhar- 
lunar  perigee  only  half  the  quantity  rassed  the  'calculators  of  lunar  tables, 
given  by  obs«*vation ;  and  this  fact  was  The  comparison  of  different  epochs 
ffladly  seized  by  the  enemies  of  the  showed  an  acceleration  at  one  time,  and 
Newtonian  system  to  throw  discredit  a  retardation  at  another;  but  the  period 
upon  the  whole  theory  of  gravitation,  being  evidently  Ions,  and  the  ineqiia- 
But  their  triumph  did  not  last  long ;  for  lity  perhaps  dependent  upon  many  ele- 
Clairault  himself,  upon  reviewing  his  ments,  there  was  little  hope  of  detecting 
calculations,  perceived  that  he  had  neg-  the  law  by  observation.  But  a  new 
lected  a  quantity  which,  when  taken  examination  of  the  theory  of  the  moon 
into  account,  reconciled  the  motion  of  the  on  the  principles  of  gravitation,  showed 
apogee  with  the  Newtonian  law.  For  to  La  Place  the  existence  of  an  inequa- 
many  years  subsequent  to  this,  the  lunar  lity  hitherto  unnoticed,  of  a  period  oi 
theory  was  the  subject  of  the  labours  of  184  years,  and  rather  a  complicated 
the  first  mathematicians  of  the  age,  more  form,  which  explained  all  the  discrepant 
parti I'ularly  of  D*Alembert,  Clairault,  cies  observed.  This  is  a  good  example 
and  Euler.  It  is  upon  the  theory  of  the  of  the  advantages  derived  to  our  tables 
latter  that  the  tables  of  Mayer  are  from  physical  astronomy.  Indeed,  to 
principally  founded:  at  the  same  time  such  prfection  has  this  science  bete 
they  owe  their  excellence  in  great  part  carried  in  the  case  of  the  moon,  thst 
to  the  care  taken  by  Mayer  to  establish  M.  Daraoiseau  has  lately  published 
the  coefficients  of  the  inequalities  by  tables,  founded  exclusively  on  theory, 
the  comparison  of  numerous  observa-  which  are  at  least  equal,  if  not  sui)erior, 
tions ;  nor  did  he  hesitate  to  introduce  to  any  we  possess, 
empirical  equations,  where  observations  But  to  return  to  the  subject  of  the 
appeared  to  require  them.  The  most  longitude.  The  method  of  lunar  dis- 
remarkable  of  these  was  one  for  the  tances  could  never  have  come  into  ge- 
secular  acceleration  of  the  moon,  first  ncral  use  without  the  invention  of  re- 
suspected  by  H alley,  and  now  fully  fiecting  instruments.  The  constructiim 
established.  The  cause  of  this  accele-  of  Hadley's  quadrant  is  explained  in 
ration  was  long  a  subject  of  doubt  and  most  optical  treatises.  We  shall  only 
abstruse  speculation  to  the  first  mathe-  remark,  that  it  is  essentially  composed 
maticians  of  Europe.  At  one  time  it  of  two  mirrors,  both  in  planes  perpen- 
was  attributed  to  the  resistance  of  dicular  to  that  of  the  instrument.  Tbe 
the  ether;  at  another,  to  the  sucpes-  one  is  fixed,  the  other  is  moveable,  beiqg 
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atUehedtothe  centre  of  (be  moveable  tions.  Any  error  from  defective  centerinfj^ 
xaaius»  the  extremily  of  whidi  indicates  is  obviated  by  measuring  successively 
on  the  graduated  umb  the  inclination  all  round  the  circle ;  and  we  are  rendered 
of  the  two  miiTon.  The  fixed  minx)r»  independent  of  the  knowledge  of  the 
which  11  perpepdioular  to  th^  line  of  point  of  the  graduation  corresponding 
light,  only  interceptf  half  the  field  of  to  the  position  of  the  mirrors  when 
view ;  so  that  at  the  same  instant,  and  parallel.  Such  are  the  principal  ad  van- 
in  the  same  field,  the  observer  may  see  tages  of  the  reflecting  repeating  circle ; 
the  horizon  by  direct  vision,  and  the  to  which  we  may  add,  in  takins:  sets  of 
image  of  the  lun  after  two  rejections,  lunar  distances,  the  eye  is  not  fatigued. 
He  then  reads  off  on  the  limb  the  incli-  by  the  application  of  light  at  each  ob- 
nation  of  the  two  mirrors.  By  a  well-  servation  to  read  off  the  arc. 
known  optical  theorem,  this  is  eaual  to  The  first  idea  of  reflecting  instru- 
half  the  angle  between  the  two  objects,  ments  is  certainly  due  to  Hooke,  who 
or  in  this  case,  the  altitude  of  the  sun  proposed  by  a  sextant,  with  a  single  mir- 
above  the  horizon.  We  owe  to  the  ror  attached  to  the  moveable  radius,  to 
uventive  genius  of  Mayer  the  idea  of  a  obviate  the  necessity  of  having  two 
most  important  improvement  in  these  observers  in  measuring  the  distances 
instruments*.  This  idea,  which  has  of  stars,  as  practised  by  Hevelius:  to 
been  more  lately  revived  by  Borda,  con-  measure  altitudes  he  was  obliged  to 
tisted  in  substituting  for  the  quadrant  attach  a  level  to  the  sextant*.  It  is 
or  leztant  a  complete  circle,  and  mak-  evident  that  the  instrument  in  this  form 
ing  both  mirrors  moveable  upon  it,  the  was  not  applicable  to  the  purposes  of 
line  of  sight  alwavs  remaining  perpen-  navigators ;  and  we  may  consider  the 
dieular  to  the  small  mirror.  After  mak-  construction  given  by  Hadley  as  a  new 
inj^  an  observation,  by  moving  the  small  invention  of  the  most  important  charac- 
nurror  till  the  coincidence  of  the  images  ter.  It  is  not  easy  to  understand  why  so 
is  established,  the  instrument  is  reversed,  much  pains  have  been  taken  to  deprive 
10  as  to  face  east  instead  of  west,  or  the  Hadley  of  the  merit  of  this  invention : 
converse.  The  great  mirror  is  moved  Newton,  it  is  said,  had  previously  in- 
fill the  coincidence  is  again  made,  and  vented  a  reflecting  instrument  with  two 
it  may  be  seen  that  it  must  have  moved  mirrors ;  at  all  events  this  was  not 
through  an  arc  double  of  the  angular  known  to  Hadley.  whose  discovery  was 
distance  to  be  measured  f.  Instead  of  published  in  1731  f.  that  of  Newton 
leading  ofi*  this  arc,  leave  the  alhidade  m  the  year  1742.  Lalandeij;  mentions 
1^  the  great  mirror  fixed,  reverse  the  Godfrey  of  Philadelphia,  as  bavins:  an- 
inslrument,  make  another  observation  ticipateid  Hadley ;  he  quotes  the  Philo- 
by  moving  the  small  mirror.  We  have  sophical  Transactions  for  3  734,  and  the 
now  arrived  exactly  to  the  position  from  first  volume  of  the  Philadelphia  Trans- 
which  we  set  out,  only  that  the  alhidade  actions.  The  latter  we  have  not  seen, 
of  the  great  mirror  has  advanced  on  the  the  former  contains  the  account  of  an 
limb  an  arc  double  of  the  distance  to  be  instrument,  bearing  no  analogy  to  Had- 
measiired.  Recommence  aJl  the  opera-  ley's  quadrant,  but  it  alludes  to  the  dis- 
tions  described ;  at  the  end  of  them  this  covery  of  a  reflecting  instrument  by  the 
alhidade  will  have  described  an  arc  quad-  author  $.  Be  the  invention  of  Godfrey 
rdple  of  the  angular  distance,  and  so  on.  what  it  may,  it  was  not  known  in  Eng- 
We  may  obtain  then  any  even  multiple  land  till  after  the  publication  of  Hadley's 
of  the  arc  sought  to  be  measured ;  and  P&per  in  the  Philosophical  Transao- 
we  need  only  read  off  once  at  the  begin-  tions. 

ning  and  once  at  the  end  of  our  obser-  The  method  of  determining  the  longi- 

vations.    In  this  way  the  errors  of  reail-  tudc  by  the  transport  of  time  is  one  which 

in^  off  may  be  indefinitely  diminished, 

beingdividedby  the  number  of  observa-  •«     *•     •      i          .i    «  .     ^   ,  .i 

o                     J  •  See   AnimaciYersionB  on  the  firnt  pnrt  of  the 

_^_^_^______________^_______^_ llachlna  Caleitis  of  Hevelius.     Luudun,    1674, 

4to. 

•  See  the  Dincoune  prefixed  to  Ifayer'v  Tables,  f  See  Philonoph.  Tranitact.  for  that  year j  No. 

■nd  'called    Ucthodus   Longltudfnum    Promota,  420,  p.  147 :    there  U   no  reason  to  doubt   that 

p.ML,aad  the  accompanying  plate:  circleson  thU  Newtnn   had  Invented  an  inHtruuient  »imilar  la 

plan  were  aetuallv  constructed,  but  fell  into  disuse  principle   to    Hadley's.— Pbilos.   TranHact.    No. 

tBl  agriA   brought  before  the  public   notice  by  465.    It  is  doubtful  whether  it  wav  ever  cxccuti'il. 

9oidu.  t  Montncla.  Hii<t.  da  Mathemat ,  vol.  ill.  p..^'^*. 

t  It  la  to  be  obsenred,  that  these  Instnunents  are  See  aim  Wales  and  Biiyley.    Astrunoniicnl  obHrr- 

•o  fraddated  aa  to  glre  at  once  twire  the  luclina-  Vations  made  in  Cook's  voyagif.-— IntruductioD,  p. 

lion  of  the  mirrors,  or  the  real  distance  between  90. 

the  objects  obteryed.  )  Phllos.  Transactioai,vol.xxxxV\\.-^.  KK\. 
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depends  for  its  excellence  entirely  upon  tribute  to  the  discovery  of  the  lon^tude 
the  perfection  of  the  mechanical  means  at  sea, — namely,  1 0,0001.  if  the  lonscitude 
used.  Huyghens  had  no  sooner  dis-  were  found  within  a  degree;  15,000/.  if 
covered  the  application  of  the  pendulum  within  forty  minutes ;  and  20,000/.  if 
to  the  balance  of  clocks,  than  he  at-  within  half  a  desree.  These  munificent  re- 
tempted  to  apply  his  invention  to  the  wards  produced  the  desired  effect  John 
use  of  navis:ation.  But  none  of  his  in-  Harrison,  a  man  of  humble  oriein  but 
genious  endeavours  were  successful ;  great  srenius,  devoted  a  long  and  kbo- 
though  for  some  time  time  he  flattered  rious  life  to  the  construction  of  clocks 
himself  that  he  had  overcome  the  diffi-  and  watches  for  navigation.  So  nu- 
culties  offered  by  the  violent  and  irre-  merous  and  important  were  his  improve- 
gular  motions  of  the  vessel.  He  finally  ments,  that  we  may  with  justice  con- 
turned  his  ideas  into  a  new  channel,  sider, him  as  the  inventor  of  the  marine 
and  fell  upon  a  discovery  of  perhaps  chronometer.  It  will,  perhaps,  give  the 
equal  importance  with  that  of  the  pen-  best  idea  of  his  merits,  to  say  that  he 
dulum  clock.  This  was  the  isochro-  has  done  as  much  for  this  instrument, 
nism  of  spiral  steel  springs,  when  used  as  as  James  Watt  for  the  steam-engine.  It 
a  balance  in  watches ;  the  first  great  step  is  impossible  in  this  place  to  give  any 
made  towards  the  finding  the  longitude  idea  of  the  numerous  improvements  in- 
at  sea  by  chronometrical  observations,  troduced  by  him,  without  entering  into 
The  priority  in  this  discovery  was  con-  details  incompatible  with  the  nature  of 
tested  by  Hooke.  It  would  appear  that  this  treatise.  It  is  enough  to  observe, 
watches  upon  this  construction  were  that  in  1749  he  obtained  the  Codey 
executed  under  the  direction  of  Huy-  medal  of  the  Royal  Society;  and  in 
ghens  in  the  year  1674:  it  is  stated  1761  obtained  from  the  Commissioners 
upon  the  authority  of  Leibnitz,  that  of  the  Board  of  Longitude  a  trial  of  his 
about  thistime  a  dispute  as  to  the  right  of  chronometer  by  a  voyage  toJamuca. 
the  invention,  arose  between  Huyghens  It  was  found  at  the  end  of  sixty-one  dajrs 
and  the  Abbe  Hautfeuille,  and  was  de-  that  his  chronometer  gave  the  loi^fitude 
cided  in  favour  of  the  former  in  a  court  of  Port  Royal  within  five  seoonds  of 
of  law  *,  There  can  be  little  or  no  doubt  time ;  and  on  the  return  to  England, 
that  at  the  time  of  which  we  are  speak-  after  an  absence  of  1 6 1  days,  the  whole 
ing,  watches  on  this  principle  were  con-  variation  was  only  1°  5*.  It  was  evi- 
structed  in  France.  In  a  postscript  to  dent  that  the  conditions  of  the  Act  of 
a  small  treatise  on  Helioscopes,  pub-  Parliament  were  satisfied,  and  Harrison 
lished  1676,  Hooke  refers  the  date  of  received  a  payment,  on  account,  of 
his  own  invention  to  seventeen  years  5000/.,  but  tne  Commissioners  decided 
back.  But  such  testimony  unsupported  that  the  remainder  of  the  reward  should 
is  insufficient.  His  theory  of  springs  not  be  paid  till  a  second  trial  had  taken 
was  not  published  till  1678  1'.  He  place.  This  was  executed  in  1764,  and 
alludes  also  in  a  work  called  Lampas,  crowned  with  complete  success ;  it  was 
published  1677,  to  a  new  contrivance  for  decided  unanimously  by  the  Bound  of 
the  balance  of  watches,  which  he  says  Longitude,  that  the  longitude  of  BartM- 
he  showed  to  the  Royal  Society  ten  or  does  had  been  determined  within  the 
twelve  years  before  J;  his  explanation  limits  prescribed  by  the  act;  5000/. 
is  very  concise  and  obscure ;  the  con-  was  immediately  granted  to  him ;  and 
trivance  seems  to  have  been  a  com-  10,000/.  more  when  he  had  explained  to 
bination  of  the  centrifugal  pendulum  and  commissioners,  appointed  [for  the  pur- 
spiral  spring.  If  we  consider  the  avidity  pose,  the  details  of  his  construction, 
shown  by  Hooke  to  claim  every  dis-  This  took  place  in  1765.  From  tWs 
covery  of  importance  made  in  his  time,  date  the  use  of  chronometers  began 
we  must  look  with  distrust  upon  his  rapidly  to  spread  among  navigators; 
somewhat  dubious  pretensions,  in  the  and  if  the  method  of  lunar  distances  be 
case  of  the  spiral  spring.  still  more  extensively  used,  it  is  per- 

In  the  year  1714  the  British  parlia-  haps  to  be  attributed  to  the  expense  of 

ment  passed  an  act,  holding  out  a  great  the  former  instrument.    At  all  events  it 

recompense  to  those  who  should  con-  is  of  great  importance  to  have  two  in- 

dependent   methods  for  the  longitude, 

*  V.  Laiande  in  Montucia,  yoI.  iv.  p.  050.  the  oue  acting  as  a  salutary  check  upon 

i678!'*4to'!'''  "*"'  ^°^*'"'^*  restitutivi.    London,  any  accidental  errors  in  the  other. . 

X  Lampas,  LondoD,  1677*    4to.  London,  p.  43. 


HISTORY  OF  ASTRONOMY.                           105 

stations,  the  one^to  the  north,  the  other 

Chaptbr  XXI.         '  to  the  south  of  the  mountain,  was  found 

to  be  4364.4  feet,  corresponding^  to  an 

Attraction  of  MounUnm.  — Souguer. —  amplitude  of  42/9.    This  amplitude,  de- 

Maskdyne-Hie  Zaeh. — Experiments  lermined  astronomically  by  the  zenith 

of  Cavendieh. — Measures  of  the  Me-  sector  from  very  numerous  observations, 

ridian  in  England  and  India.^Arcs  was  found  54/6:  ^ving  11. "7  for  the 

of  paraUeL — French  measure  of  the  sum  of  the  attractions  of  the  mountiun 

Meridian  between  Dunkirk  and  Bar*  at  the  two  stations.    The  density  of  the 

celona, — Determination  of  the  Mitre,  mountain  having  been  determined  by  a 

— Various  measures  of  the  length  of  careful  survey,  the  mean  density  of  the 

the  seconds*  pendulum.  earth  was  concluded  to  be  about  1.8 

times  the  density  of  Schehallien,  or  five 
Many  of  the  operations  for  measuring  time  the  density  of  water, 
arcs  of  the  meridian,  having  been  car-  More  recently  *  the  Baron  de  Zach 
ried  on  in  mountainous  countries,  it  has  attempted  to  measure  the  attraction 
became  reasonable  to  suppose,  that  a  ofMontMimet  near  Marseilles.  Both 
part,  at  least,  of  the  anomalies  observed,  his  stations  were  to  the  south  of  the 
were  due  to  the  attractions  of  the  moun-  mountain ;  the  one  close  to  its  foot,  the 
tains  themselves.  Bouguer  and  La  other  on  the  island  of  Planier.  The 
Condamine  endeavoured  to  put  this  to  latitudes  were  observed  with  a  repeating 
the  test  of  experiment  in  Peni.  They  circle;  he  found  for  the  whole  effect  of 
attempted  to  measure  the  attraction  of  attraction  1".98 ;  but  it  may  be  ques- 
the  mountain  called  Chimbora90,  the  tioned,  whether,  with  the  instruments 
most  considerable  of  that  province.  It  used,  it  was  possible  to  be  certain  of  so 
is  easy  to  conceive  how  this  can  be  small  a  quantity  t.  In  the  mean  time,  in 
effected.  In  a  station  north  of  the  the  year  1798,  Cavendish  had  instituted  a 
mountain,  the  attraction  of  the  mountain  very  beautiful  series  of  experiments  for 
causes  the  plumb-line  of  the  sector  to  finding  the  earth*s  density  :|;.  By  means 
deviate  from  the  real  vertical  to  the  of  a  delicate  instrument,  called  the  ba- 
south,  and  the  converse,  in  a  station  to  lance  of  torsion,  the  attraction  of  a 
the  south.  The  apparent  latitudes  found  leaden  sphere,  eight  inches  in  diameter, 
at  each  station  will  differ  from  the  real ;  was  made  sensible,  and  the  effects  of 
the  difference  between  these  latitudes  this  attraction  compared  with  that  of  the 
will  be  augmented  by  the  sum  of  the  earth.  The  result  found  for  the  mean 
attractions  of  the  mountain  at  the  two  densityof  the  latter  agreed  very  well  with 
stations.  If  then  we  determine  by  other  that  found  from  Schehallien. 
means,  such  as  trigonometric^  mea-  In  the  year  1787,  the  governments  of 
lures,  the  difference  of  latitudes,  and  France  and  England  in  conjunction,  re- 
compare  it  with  that  obtained  astrono-  solved  to  connect  the  two  observatories 
mically,  the  difference  of  the  results  will  of  Greenwich  and  Paris,  by  a  series  of 
give  the  sum  of  the  attractions.  The  triangles.  The  cause  of  this  was  the 
attempt  made  by  Bousruer  was  not  very  uncertainty  that  still  prevailed  upon  the 
satisfactory  in  its  results ;  he  found  for  exact  difference  of  longitude  between 
the  attraction  of  the  mountain  rather  these  places.  On  the  French  side  the 
more  than  7'',  being  about  half  of  what  measure  was  conducted  by  Cassini  IV., 
he  had  expected  ;  but  his  stations  were  Legendre,  and  Mechain  ;  on  the  English 
not  favourably  placed,  being  both  to  the  side  under  the  superintendence  of  Gene- 
south  of  the  mountain,  in  which  case  ral  Roy.  The  latter  ofiBcer  founded  his 
the  difference  of  the  attraction  of  the  chain  of  triangles  on  a  base  measured 
two  stations  is  observed,  instead  of  their  with  great  care  on  Hounslow  Heath,  in 
sum*.  which  he  used  glass  rods  twenty  feet 
The  experiment  was  repeated  under  long.  These  were  afterwards  abancfoned, 
more  favourable  circumstances  by  Mas-  and  the  base  of  verification  on  Romney 
kelyne  in  1774  on  the  mountain  of  Marsh  was  measured  with  steel  chains. 
Schehallien  in  Perthshire,  elevated  Such  was  the  care  with  which  these 
mbout  2000  feet  above  the  level  of  the  operations  were  conducted,  that  the  base 
seat.    The  meridional  distance  of  two       •,„,o,i»    „, H 1; 7~. 

^^  *  •  In  1810.    His  operations  Ere  gireQ  in  detail 

■    ■ — ■ — • • In  his  work  on  Ui«  AttracUon  des  Montagnes. 

•  V.  Bougner.    Fignre  de  la  Terre,  p.  379.  f  V.  Attraction  dea  Montagnes.   Arignon.  18U. 

t.Phlloa.  Tranuct.  for  1775,  p.  MOj  and  alao  for  1  volt.  8to. 

1811,  p.  346.  %  PbUof.  TnuiMCt.  for  1799,  p.  i€9. 
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of  verification,  as  computed  from  the  by  Colonel  Lambton  in  India,  is  one 
original  base  on  Hounslow  Heatb,  dif-  recently  executed  on  an  extensive  scale 
fered  from  that  actually  measured  by  only  in  France  and  Italy.  It  extends  from 
two  feet,  in  a  total  of  28533,  though  Padua  on  the  east,  to  Marennes  near 
the  connecting  chain  of  triangles  ex-  Bourdeaiix,  on  the  west,  liliese  two 
tended  over  a  space  of  eighty  miles,  points  had  been  joined  trigopometrically. 
These  measures  are  interesting  as  m  the  course  of  very  extensive  surveys 
havmg  formed  the  commencement  of  the  made  by  the  French  and  Austrian  eft- 
great  trigonometrical  survey,  extended  gineers.  They  were  joined  astrohomi- 
over  Great  Britain  and  Ireland,  which  rally  by  fire-sisfnals,  made  on  the  Monte 
is  at  this  moment  in  the  progress  of  Baldo  near  Verona,  Rochemelon  on 
execution.  In  the  course  of  this  ex-  the  Mount  Cenis,  Mount  Tabor  in 
cellent  survey  the  terrestrial  angles  were  Savoy,  Pierre  sur  Autre  in  Auvergne, 
measured  with  the  theodolite  of  Hams-  and  other  stations  in  France, — these  sig- 
den,  three  feet  in  diameter ;  the  latitudes  nals  bein;r  observed  at  Padua,  Milan, 
with  a  senith  sector  of  Kamsden,  of  eight  Turin,  Geneva,  La  Jonch<!:re,  and  several 
feet  radius ;  both  of  them  su|)erb  instru-  points  to  the  westward,  as  far  as  Ma- 
ments  of  their  kind.  In  spite  however  rennes.  This  arc  is  very  remarkable 
of  the  excellence  of  the  instruments,  and  from  its  great  extent,  and  for  having 
the  unquestioned  accuracy  of  the  ol)-  been  carried  completely  across  the  van 
servers,  the  degrees  of  the  meridian  in  chain  of  Alps  which  separates  France 
England  offer  anomalies  analogous  to  from  Italy.  It  is  intended  to  carry  it 
those  previously  noticed,  and  which,  it  still  farther  to  the  eastward,  to  Orsova, 
cannot  be  doubted,  arise  from  local  at-  on  the  frontiers  of  Hungary  and  Wal- 
tractions,  or  from  real  irregularities  pf  lachia,  embracing  a  total  arc  of  24°  ii^ 
the  earth*s  surface*.  longitude  *. 

A  very  extensive  arc  has  been  mea-  One  of  the  most  celebrated  determl- 
sured  in  the  Indian  peninsula  with  in-  nations  of  an  arc  of  meridian  yet  under- 
struments  similar  to  those  used  in  taken,  was  that  commenced  at  the 
Great  Britain.  The  whole  amplitude  beginning  of  the  French  Revolution,  for 
of  this  arc,  as  determined  by  Colonel  the  purpose  of  finding  the  leng:th  of  a 
Lambton,  is  near  ten  degrees  ;  and  quadrant  of  the  meridian,  the  ten-mil- 
it  has  been  subsequently  prolonged  six  lionth  part  of  which  it  was  proposed  to 
degrees  to  the  northward,  by  Cap-  take  as  the  standard  for  a  new  measure, 
tain  Everest.  Very  competent  judges  called  the  m^^tre.  This  celebrated  un- 
have  pronounced  tnis  arc,  considenng  dertaking  was  executed  by  the  astrono- 
its  extent,  and  the  care  used  in  every  nomers,  Delambre  and  ^JLi'chain.  Tlie 
part  of  the  operations,  to  be  superior  to  extremities  of  the  arc  were  to  the  north, 
all  other  measures  of  the  same  kind  Dunkirk,  to  the  south,  the  town  of 
hitherto  executed t.  Barcelona,  in  Spain:  but  the  arc  was 

The  astronomers  who  conducted  the  subsequently  extended  by  Biot  and 
survey  of  Great  Britain,  took  the  oppor-  Arago  to  the  island  of  Formentera  near 
tunity  of  measuring  a  parallel  of  latitude  Minorca.  In  this  measure  the  repeat- 
between  Beachey  Head  and  Dunnose.  in^  circle,  which  had  been  previously 
On  this  occasion  the  difference  of  Ion-  tried  for  the  first  time  at  the  junction  of 
gitudes  was  determined  by  a  new  method,  the  observatories  of  Greenwich  and 
The  two  si]j;nals  being  visible  from  each  Paris,  was  used  exclusively  for  both  the 
other,  the  azimuths  were  reciprocally  geodetic  and  astronomical  angles.  The 
observed,  the  latitude  of  each  station  value  of  this  elegant  and  ingenious  in- 
being  deduced  from  the  triangles  of  the  strument  appears  to  have  been  overrated 
survey.  This  arc  is  interesting,  from  by  the  French  astronomers ;  and  it 
the  novelty  of  the  means  employed,  and  seems  to  be  thought  at  present  that  the 
the  rarity  of  measures  of  this  descrip-  latitudes  at  the  extreme  points  of  their 
tion.  The  only  other  measure  of  a  de-  arc  are  not  so  certain  as  could  be  wished, 
gree  of  longitude  offering  any  interest,  This  is  more  particularly  the  case  with 
except    perhaps,    a    decree    measured  Formentera,    where   the    latitude    was 

*  A  detnUedaccounroTihe  E^uh  Tri7o;^;;;;.  foundwith  a  repeating  Circle,  having  a 

tricai  Survey  hns  been  published  in  three  4to  vols,  iixed  level  attached  to  it ;  a  Construction 

London.  — 

f  An  account  of  Colontrl  Lambton*8  arc  muy  be  *  A  detailed  account  of  the  operutiuns  iu  Italy 

found  lo  the  8th,  LOtb,  I'ith,  and  13lh  volumeH  of  and    Savoy  may   be  found  in    the   "  Oprratiuns 

the  Asiatic  Researches.    See  also  Pbiloaophlcal  (jieodesiques  et  Astronomiques  pour  Mmurer  an 

Transactiona  for  1818,  p.  466.  Arc  de  ParaUele  Moyen.*'    4to.    Milao,  lb:!5. 
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jugUy  ^stMimd  to  be  very  objeetioQable.  for  the  unit  of  length,  and  called  the 

It  has  alto  been  ateertaiiiea  that  the  mdtre.  As  it  was  impracticable  to  mea- 

best  repeating  circloi   tre  subject   to  sure  the   whole    quadrant  under  any 

errors  oi  a  very  perplexing  kind,  which  meridian,  they  were  obliged  to  calculate 

can  only  be  eliminated  oy  observing  the  ellipticitv  and  dimensions  of   the 

stars  to  the  north  and  south  of  the  earth,  and  the  length  of  the  quadrant, 

zenith.    This  precaution  was  not  always  from  a  comparison  of  the  arc  between 

taken  in  the  French  survey.    However,  Dunkirk  ana  Barcelona,  with  that  mea- 

this  French  tro  upon  the  whole,  con-  sured  by  Bouguer  and  La  Condamine 

siderinsr  ifs  extent,  and  the  great  talents  in  Peru.    They  adopted  for  the  ellipti- 

and  celebrity  of  the   astronomers  by  city  3^,,  and  the  metre  was  fixed  at 

whom  it  was  executed,  is  one  of  the  443.206  lines  of  the  old  measure.    This 

most    important    measure^    that    we  ellipticity  agrees  pretty  well  with  that 

possess*.  found  by  Laplace,  from  a  very  curious 

It  has  been  mentioned  that  the  French  niethod.    The  oblateness  of  the  earth's 

survey  was  undertaken  for  the  purpose  figure  causes  an  inequality  in  the  moon's 

of  fixmg  a  new  standard  measure.    The  motion  in  latitude,  proportional  to  the 

Fkvnch  savans,  struck  with  the  disad-  sine  of  the  moon's  true  longitude :  the 

vantages  arising  from    the  variety  of  coefficient  of  thb    inequality  depends 

measures  in  Europe,  and  froip  the  in-  upon  the  ratio  of  the  earth's  axes.   Now 

convenience  of  not  being  able  to  deter-  this  coefficient  can  be  determined  by 

mine  the  exact  length  of  several  of  the  observation,  and  hence  the  ratio  in  ques- 

measures  employed  in  former  geodetic  tion  may  be    obtained.    In    this  way 

operations,  conceived  the  beginning  of  La  Place  found  for  the  ellipticity  ,^,; 

the   revolution  to   offer  a  favourable  another  inequality  in  longitude  gave  him 

opportunity  for  introducing  a  new  uni-  ^^i* 

versal  measure,  which  being  founded  It  is  to  be  feared  that  the  comprehen« 
on  some  invariable  physical  standard,  sive  views  of  the  French  philosophers 
could  always  be  recovered,  should  its  have  not  been  answered.  Them^tre,  as 
exact  magnitude,  in  the  course  of  time,  far  as  we  know,  has  not  ])een  adopted 
become  involved  in  any  doubt.  The  in  other  countries.  In  many  conti- 
idea  was  not  new,  for  Picard  had  pro-  nental  works  of  science  the  old  French 
posed,  long  before,  the  lens:th  of  the  toises  and  feet  arc  still  used ;  and  as 
seconds*  pendulum  as  the  standard  for  these  denominations  are  now  given  in 
an  universal  measure ;  and  it  is  per-  France  to  measures  comprising  two 
haps  to  be  regretted  that  this  i(}ea  was  metres,  and  onc-ttiird  of  a  metre  re- 
not  followed  at  the  revolution.  But  spectively,  the  confusion  is  greater 
notwithstandins:  the  practical  facilities  than  ever.  Perhaps  the  French  would 
of  this  determination,  it  was  rejected  have  acted  more  wisely  in  contenting 
by  the  French  savans,  as  involving  an  themselves  with  duing  what  has  since 
arbitrary  and  heterogeneous  element,  been  adopted  in  England,  determining 
the  division  of  time;  to  which  rather  accurately  the  ratio  of  the  length  of  the 
fanciful  objection  they  added  the  varia-  second's  pendulum  to  the  foot  in  com- 
tion  of  the  length  in' the  pendulum  at  mon  use.  As  the  latter  may  be  sup- 
different  latitudes.  But  this  might  have  posed  invariable,  tlie  former  may  be 
been  obviated  by  taking,  for  the  stan-  always  recovered  if  lost.  The  introduc- 
dard,  the  length  of  the  pendulum  at  the  tion  of  one  uniform  measure  of  length 
level  of  the  sea,  under  the  equator,  or  throu^^hout  Europe  is  indeed  much"  to 
under  the  parallel  of  45°;  and  it  is  be  wished:  but  the  difficulties  in  the 
difficult  to  see  how  the  vanity  of  any  ^^y  of  such  a  consummation  are,  we 
nation  could  have  been  offended  by  such  fear,  too  great  to  be  surmounted, 
a  ciioice.  However,  it  was  determined  The  theorems  of  Clairault,  given  in 
to  take  the  quadrant  of  a  terrestrial  Chap.  XVII  I.  enable  us  to  determine  the 
meridian,  which,  supposing  a  splieroid  ellipticityof  the  earth,  from  observations 
of  revolution,  would  be  the  same  for  all  on  the  length  of  the  second's  pendulum, 
countries,  and  to  divide  it  into  ten  million  at  different  latitudes.  According  to 
parts.  One  of  these  parts  was  taken  those  theorems,  in  going  from  the  equa- 
tor to  the  poles,  gravity  increases  as  the 

square  of  the  sine  of  the  latitude  ;  and 

•  AcompleteaccountofailtheoMrationiU  to  be  the  sum  of  the  ellipticity  of  the  earth. 

found  \n  the  work  callwl  '*  B*»e  da  Systimr  Me-  „_j  -,*♦!,«  --t;^  r.f  ♦»,«  ...F.^i               «          e 

trique.-    4la    Pari*.  1806.    And  lo  the  addltionid  *"«  ?»  "^^  ratio  Of  the  wholc  increase  of 

Toiume  of  obMrraUona  bj  Blot  aad  atho.  Ml*  gravity  to  the   equatorial   gravity^  ia 


108  HISTORY  OF  AfiTRONOMT. 

equal  to  |  x  ratio  of  the  centrifti(^l  oompaiison  of  these,  the  Tariation  in  the 
force  at  the  equator  to  the  equatorial  force  of  fn^vity  is  easily  deduced.  In 
gravity,  or  to  |  x  ,|,.  This  important  this  method,  the  necessity  of  actually 
application  gave  a  new  interest  to  pen-  measurinc:  the  length  of  tne  pendulum 
dnlum  experiments,  which  in  later  employed  is  superseded ;  and  this  is  no 
times  have  become  very  numerous,  slight  advantage,  from  the  great  diffi- 
These  observations  demand  so  much  culty  of  the  operation, 
nicety  of  execution,  and  so  great  an  The  absolute  length  of  the  second*s 
attention  to  minute  details,  that  the  pendulum  at  London  was  determined 
early  observations,  to  which  allusion  in  a  peculiarly  ingenious  and  elegant 
has  been  made  in  a  former  part  of  this  way  by  Captain  Kater*.  To  Captain 
treatise,  (those  of  Picard,  Richer,  &c.)  Sabine  we  owe  a  series  of  most  exten- 
can  now  only  be  looked  upon  as  matters  sive  and  important  observations,  made 
of  curiosity.  The  first  good  observations  over  a  great  part  of  the  northern 
of  the  pendulum  to  be  met  with,  are  hemisphere,  on  the  coasts  of  Europe, 
those  made  in  Jamaica,  of  which  an  Africa,  and  America,  from  12°  of  south 
account  .has  been  given  by  Bradley  in  to  80®  of  north  latitude  t. 
the  Philosophical  Transactions  for  1734;  It  is  impossible  in  this  place  to  give 
and  to  these  we  [may  add  experiments  even  a  cursory  account  of  the  nu- 
made  by  Mairaii,  at  Paris,  in  1 735.  merous  and  valuable  experiments  made 
Bouguer  in  Peru,  Maupertuis  in  Lap-  by  various  observers  in  our  own 
land.  La  Caille  at  the  Cape  of  Good  times.  But  we  must  observe,  that  the 
Hope,  did  not  omit,  when  occupied  with  various  measures  of  the  pendulum,  fike 
the  measure  of  d^rees,  to  determine  at  those  of  the  degrees,  are  far  from  eon- 
the  same  time  the  lengths  of  the  second*s  spiring  to  give  the  same  ellipticity  to 
pendulum.  But  it  is  particularly  within  the  earth.  Local  causes  have  doubtless 
the  last  forty  years,  that  measures  of  this  someUiing  to  do  with  these  irregularities, 
kind  have  become  numerous  and  exact  But  it  would  appear  also  that  it  is  neces- 
At  the  time  that  the  measiure  of  the  sary  to  take  into  account  a  term  involv- 
meridian  was  undertaken  in  France,  ing  the  product  of  the  squares  of  the 
Borda  was  desired  to  determine  the  sine  and  cosine  of  the  latitude  J.  Theory 
len^h  of  the  pendulum  beating  seconds  shows  that  such  a  term  ought  to  exist, 
at  Paris.  He  conducted  with  great  skill  but  the  coefficient  had  not  hitherto  been 
this  delicate  task  ;  and  this  may  be  con-  supposed  to  be  of  sensible  magnitude, 
sidered  the  first  measure  executed  with  One  fact  is  remarkable,  that  the  pen- 
all  the  perfection  required  by  the  actual  dulum  experiments  in  general  indicate 
state  of  science  *.  This  experiment  has  a  greater  compression  than  the  measure 
subsequently  been  repeated  without  any  of  degrees.  The  former  is  stated  by 
material  difference  in  the  results,  by  NT.  Captain  Sabine  at  ,|f  $,  by  others 
Biot,  and  by  Captain  Sabine.  The  for-  at  ^J^. 
mer  of  these  philosophers  has  made  an 

extensive  series  of  observations  at  dif-  Chapter  XXIL 
ferent  points  of  the  French  and  English 

arc,  from  Unst,  among  the   Shetland  Discovery  of  the  Planet  Uranus,'-»Lau> 

islands,  to  Formentera    in  thej  south,  prevailing  between  the  mean  distances 

and  at  different  stations  on  the  parallel  qf  the  planets, — Discovery  of  Ceres, 

of  45°.    In  the  French  observations  in  ^0/ Pallas.—Coffjectures  o/Olbers. 

general,  the  measure  has  been  made  by  — Discovery  of  Juno  and  of  Vesta, — 

noting  the  number  of  oscillations  made  Systems  of  double  and  multiple  stars, 

in  a  certain  time  by  the  pendulum,  at  a  — Supposed  motion  of  the  sun  in 

given  station,  and  then  actually  mea-  space, — Nebulee. — Hypothesis  of  La 

suring  its  length.   The  English  observers  Place  respecting  the  origin  of  the 

have  of  late  years  usualW  employed  a  Solar  System, 
pendulum  of  invariable  length.     The 

number  of  oscillations  which  this  pen-  In  the  year  1781,  a  curious  and  alto- 

dulum  makes  in  a  certain  time,  at  a  gether  unexpected  discovery  was  made 

given  place,  as,  for  example,  London, 

having  been  ascertained,   it    is  trans-  •  Phiioaoph.  Tran«act.  for  1818,  p.  as. 

nnrfpH  to  nnnthpr  station    and  a   similar  *  ^°  Account  of  Experiments  to  determine Uie 

ponea  10  anotner  staiion,  anoa  similar  Figure  of  the  Earth.   4io.   London,  1826. 

observation    made     there.       From    the  t  Encyclopaedia  MetropoUtaoa.    Article,  Ficorc 

—^ oftheEarth,  p.  831. 

•  V.  Baae  du  Syat,  Metriqae,  toI.  UL,  p.  937*  i  Experiments,  p.  35^. 
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with  regiid  to  the  STjttmt  o!  which  a  distance  about  doable  that  of  Saturn, 

the  earth  formt  |Mnrt.   Th«  five  planett,  in  a  period  of  eighty-four  years.    The 

Mercaxy,  Venus.  Mari.  Jumter,  and  name  given  by  Herschel  himself  to  the 

Saturn,  had   been   known  from  time  new  planet  was  the  Georgium  Sidus» 

immemorial;  nor  does    it    seem    to  but  this  does  not  seem  to  have  been 

have  been  suipeded  that  there  existed  very  favourably  received ;  Lalande  pro- 

in  the  Mlar  system  other  bodies  ana-  posed  to  give  it  the  name  of  its  disco- 

logous  to  thrai.    It  is  to  a  fortunate  verer ;  but  that  which  appears  to  have 

accident  that  we  owe  the  extension  of  finally  prevailed  is  the  name  of  Uranus, 

our   knowledge    on  this  subject.    On  applied  from    mythological   analogies, 

the  13th  of  March,  of  the  year  above-  In  the  Greek  fables  Uranus,  the  oldest 

mentioned,  William  Herschel,  an  able  of  the  gods,  was  the  father  of  Saturn, 

but  self-taught  optician  and  astronomer,  as  the  latter  was  of  Jupiter :   in  the 

having  directed  his  telescope  upon  some  solar  system  the  new  planet,  the  most 

small  stars  in  the  constellation  Gemini  distant  of  all,  lies  beyond  Saturn,  as  the 

perceived  in  one  of  them  some  peculia-  latter  does  beyond  Jupiter.    We  owe 

rities,  which  induced  [him  to  examine  it  this  elegant  denomination  to  the  German 

more  closely.    The  excellence  of  his  astronomers.    It  was  first  used  in  the 

telescope  enabling  him  to  apply  a  mag-  tables  of  Wurm,  and  was  subsequently 

nifying  power  of  several  hundred  times,  adopted  by  the  French  Board  of  Lon- 

he  remarked  that  the  apparent  diameter  gitude.    The  discovery  of   the  planet 

of  the  l)odyin  question  increased  sen-  Uranus  afforded  an  altogether  unex- 

sibly,  while  that  of  the  small  fixed  stars  pected  confirmation  of  a  curious  empi- 

near  it  remained  unaltered*.    This  and  rical  law  discovered  by  Professor  Bode 

other   circumstances    induced  him  to  of  Berlin  to  prevail  between  the  dis- 

suspect  that  it  might  be  a  comet,  and  tances  of  the  various  planets  from  the 

his  conjecture  seemed  to  be  confirmed  sun,  which  may  be  thus  represented, 

when  two  days  afterwards  it  was  found  Suppose  the  distance  from  Saturn  to 

to  have  changed  its  place.    Being  then  the  sun  to  be  divided  into  100  parts: 

satisfied  that  the  booy  he  observed  was  then  the  mean  distance  of  the  other 

not  a  fixed  star,  Herschel  communi*  planets,  respectively,  will  be, 

cated  his  discovery  to  Maskelyne  the  Mercurv                                        d 

astronomer    royal,    by    whom  it  was       Venua     4 +'^1=7 

made  known  to  the  continental  astro-       rrulw^Uu ^'_l.o  Q_in 

nomers,  and  observations   were  made        i?!?*"" 'a it H' 11 

upon  it  at  Paris,  Milan,  Berlin,  Stock-        ^*" 4  +  2.2.3  =  16 

holm,  and   other    places.    No    doubt        i'u' aIo^oo   \o 

being  entertained  of  its  cometary  nature,  '    ^Xit '^lotooQ     ,nn 

sevefal  astronomers,  particularly  M^-  ^^^^^  --  \itollll^]l^r 

chain,  Boscovich,  La  Place,  Lexdl,  and         ^"«"» ^  +  2.2.2.2.2.3  =  196. 

president  de  Saron,  attempted  to  cal-  This  law  was  remarked  by  Bode  in 
culate  its  orbit  in  the  usual  parabolic  1 772,  consequently  some  years  before 
and  elliptic  hypotheses.  It  was  found  the  discovery  of  Uranus,  and  the  dis- 
however  impossible  to  obtain  elements  tance  of  that  planet  being  found  to 
which  would  represent  tolerably  any  correspond  with  it,  afforded  a  very  re- 
sensible  portion  of  the  orbit,  whicn  markaole  confirmation  of  its  truth.  But 
arose  principally  from  the  distance  being  it  will  be  perceived  that  there  is  a  defi- 
assumed  a  great  deal  too  small.  De  ciency  of  one  term  between  Mars  and 
Saron  was  the  first  to  perceive  that  it  Jupiter.  This  led  several  German  as- 
was  necessary  to  place  his  body  much  tronomers  to  suspect  the  existence  of  a 
farther  than  an  ordinary  comet  in  the  planet  at  the  distance  required  by  Bode's 
visible  part  of  its  orbit :  he  supposed  it  law,  which  from  its  smallness  had  hi- 
to  l>e  twdve  times  farther  from  us  than  therto  escaped  observation ;  and  de 
the  sun,  and  on  this  supposition  the  Zach  had  actually  computed  from  ana- 
calculations  agreed  much  better  with  logy  what  should  be  the  elements  of  the 
olwervation.  After  some  time  it  was  orbit  of  the  supposed  missing  planet. 
perceived  that  the  distance  did  not  sen-  These  surmises  were  destined  to  receive 
aibly  vary,  that  the  orbit  in  fact  was  a  curious  confirmation.  On  the  1st  of 
circular,  and  the  newly-discovered  body  January,  1801,  Piazzi,  astronomer  royal 
a  real  planet  revolving  round  the  sun,  ix  at  Palermo,  being  occupied  with  a  revi- 

— —  sion  of  the  heavens  for  the  purpose  of 

•  FhUoMph.  Transact,  for  1781,  p.  492.  formiDg  a  new  and  exteoaiv^  «^\3d^<^^ 
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near  that  indicated  by  Henchd ;  and  examined  with  a  good  telescope  are  re- 
the  considerations  which  he  subjoins  solved  clearly  into  distinct  stars  clus« 
show  that  the  same  would  be  the  result  tered  closely  together  in  immense  num- 
were  any  other  point  taken.  For  be  bers.  The  most  remarkable  group  of 
the  point  in  question  (which  we  shall  this  description  is  that  which  appears  to 
call  the  pole  of  translation)  where  it  surround  the  heavens,  and  bears  the 
may,  it  is  easy  to  prove  that  the  direc-  name  of  the  milky  way.  Of  this  group 
tions  of  the  apparent  motions  of  the  it  is  supposed  that  our  sun  and  the 
fi»d  stars  resulting  from  such  a  cause  brightest  of  the  fixed  stars  form  a  part, 
as  we  now  suppose,  will  converge  to-  The  immense  number  of  stars  coin- 
wards  this  pole.  It  is  also  evident,  that  prised  in  the  milky  way  surpasses  any 
there  will  be  no  motion  in  ri^ht  ascen-  conception  we  can  form  upon  the  sub- 
sion  on  the  circle  of  declination  which  ject.  We  may,  perhaps,  form  some 
passes  through  this  pole,  which  circle  idea  with  regard  to  it  from  the  circum- 
cuts  the  e(]^uator  at  two  diametrically  stance  that  its  depth  is  supposed  to 
opposite  pomts.  Now,  on  examining  exceed  a  thousand  times  the  dutancs 
the  list  of  proper  motions  given  by  from  Sirius  to  the  earth.  This  lut  dis- 
de  Zaeh,  it  seems  that  in  going  from  0*'  tance  we  must  recollect  is  so  great,  that 
to  180^  of  right  ascension,  the  point  an  observer  placed  in  Sirius  would  not 
where  the  proper  motions  in  right  as-  see  the  diameter  of  the  earth's  orbit 
cension  change  their  sign  is  between  (about  190,000,000  of  miles)  undorin 
85°  and  98°;  the  same  sign  then  pre-  angle  of  more  than  V.  Herschel  esti- 
vails  from  this  point  to  another  inter-  mates  that  in  a  zone  of  1 5°  in  length  bf 
mediate  between  219°  and  230°.  Yet  2°  in  breadth  there  are  comprised  50,000 
to  satisfy  the  condition  that  the  two  stars  visible  in  his  telescope, 
points  of  the  equator  of  which  we  have  It  must  not  be  supposed,  however, 
spoken  should  be.  opposite  to  each  that  all  nebulae  are  to  be  resolved  into 
other  it  woiUd  have  been  necessary  to  clusters  of  stars,  closely  packed  together, 
find  the  second  change  of  sign  between  Many  of  them  resemble  rather  planetsiy 
265°  and  278°,  that  is  to  say,  35°  from  bodies  than  the  light  product  by  a 
the  place  where  it  really  is.  multitude  of  stars.    Otners  a^n  ap- 

Again,  if  there  were  a  general  motion  pear  to  be  composed  of  a  sin^e  bright 

towards  a  pole  situated  anywhere,  stars  star  placed  in  the  centre  of  a  less  lumi- 

situated  very  near  each    other  would  nous  mass.    Herschel,  observing  idl the 

have    motions    nearly    parallel.    Yet  varieties  of  appearance    presented  by 

this  is  found  to  be  by  no  means  the  these  nebulae,  was  led  to  tne  conclusioo 

case:  thus  »  Herculis  and  «  Ophiuchi  that  they  were  all  parts  of  aluminous 

differ  only  5°  in  right  ascension,  and  2°  substance   scattered  through  the    im- 

in  declination ;  yet  the  variation  of  rieht  mensity  of  the  heavens,  which  accumu- 

ascension   in  forty-two  years  is  2  .26  lates  in  certain  points,  either  from  mu* 

for  the  first,  and  8".54  for  the  second;  tual  attraction,  or  that  of  a  neifichbourinj^ 

while  in  declination  it  is  lO^'-S  and  +2''  star.    He  thought  he  could  distinguish 

respectively.    The  three  stars  «,  /3,  and  y,  by  the  greater  or  less  degree  of  sphe- 

of  the  constellation  of  the  Eagle  present  ricity,  and  the  brilliancy  of  the  centrtl 

discrepancies  still  more  considerable.  nucleus,  as    compared  with  the    sur- 

The  anomalies  of  wliich  we  have  been  rounding  nebulosity,  the   progress  in 

speaking  are  generally  most  remarkable  condensation  and  the  relative  ages  of 

in  those  stars  whose  proper  motions  are  different  nebulae,  just  as  we  may  follow 

the  most  considerable  and  the  best  as-  in  a  forest  the  growth  of  a  tree  by  ob- 

certained.    The  conclusion  then  seems  serving  individuaJs  of  all  the  di^rent 

inevitable,  that  if  the  supposed  motion  ages  contained  in  it.    The  first  stage  is 

of  the  solar  system  exist,  it  is  as  yet  that  of  an  uniformly  nebulous  mass ; 

imperceptible,  being  masked  by  the  real  the    second,  that  of   a    similar  mass 

proper  motions  in  various  directions  of  slightly  condensed  round  two  or  three 

the  tixed  stars.  faintly  luminous  nuclei ;   these  nuclei 

A  very  cursory  inspection  shows  us  gradually  become  brighter ;    then  the 

that  the  fixed  stars  are  not  equally  nebulous    atmospheres  of   each  sepa- 

scattered  over  the  heavens,  but  rather  rating  by  the  effects  of  a  farther  conden- 

collected  in  groups,  some  of  which  from  sation,  there  result  compound  nebuJs, 

their  immense  distance  have  a  cloudy  formed  of  brilliant  centres  very  near 

indistinct  appearance,  and  are  called  each  other,  and  surrounded  respectively 

nebulae.    Many  of  these  nebulae  when  by  their  separate  atmospheret.    Sonl^ 
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Goteithe  lnaihodt:iMtter,  bjr  a  more  the  tun.  Mechanidal  considerations 
miifomi  eondensetioiit  forme  the  pla-  show  that  these  masses  would  assume 
netary  nebulnof  whidiwe  have  spoken,  a  spheroidal  form*  with  a  motion  of  ro- 
Lastly,  a  hijchar  deiaree  of  condensation  tation  in  the  same  direction  as  the  mo- 
transforms  the  oebulflB  mto  groups  of  tion  of  revolution ;  and  if  one  of  them 
stars  thickly  set  tog^her.  were  sufficiently  considerable  to  unite 
These  observations  tend  to  corrobo-  successively  by  its  attraction  all  the 
rate  a  venr  elegant  and  ingenious  hypo-  others  round  its  centre,  we  see  how  the 
Ihssts  of  La  Place,  respecting  the  origin  ring  of  vapours  may  have  been  trans- 
of  the  solar  system.  It  is  impossible  formed  into  a  single  spheroidal  mass  of 
not  to  be  struck  with  the  eztraordinaiv  vapours,  circulating  round  the  sun» 
Bireamstance  that  the  motions  of  aU  with  a  motion  of  rotation,  in  the  same 
the  planets  and  satellites  take  place  direction  as  that  of  revolution,  llie 
ftom  west  to  east,  and  very  nearly  in  formation  of  the  planets  being  conceived 
the  same  plane ;  and  that  the  motions  of  to  take  place  in  this  manner,  we  may 
rotation  on  their  respective  axes  are  all  easily  imagine  that  an  ulterior  conden- 
ia  the  direction  and  nearly  in  the  plane  sation  has  produced  in  a  similar  way 
of  their  motions  of  projection.  These  the  satellites  which  revolve  round  the 
Boineidences,  to  which  we  may  add  the  planets.  If  the  whole  system  had 
imall  excentricity  of  all  the  planetary  formed  in  this  manner  with  complete 
orbits*  are  too  extraordinary  to  be  the  regularity,  the  orbits  of  the  different 
result  of  chance.  They  evidently  depend  bodies  tluit  compose  it,  would  be  circles 
ii|>on  some  common  cause,  which  deter-  whose  planes  as  well  as  those  of  their 
mined  the  motions  of  the  respective  respective  equators  would  coincide  with 
bodies  at  their  formation.  that  of  the  solar  equator.  But  it  is 
La  Place  supposes  that  at  some  very  easy  to  understand  that  the  innumerable 
remote  period  the  solar  atmosphere  ex-  variations  of  temperature  and  density  in 
tended  bevond  the  limits  of  the  farthest  the  different  parts  of  these  great  masses 
planet,  in  this  primitive  state,  the  have  produced  the  excentricities  of  their 
sun  resembled  those  nebiUee  described  orbits,  and  the  deviations  of  these  or- 
l)gr  Herschel,  as  composed  of  a  bright  bits  from  the  plane  of  this  equator, 
nucleus,    surrounded     by    nebulosity, 

which,  as  it  gradually  condenses  at  the  .^              vyttt 

surface  of  the  nucleus,  ultimately  con-  Lhaptkr  aaiii. 
verts  it  into  a  star.  Let  us  suppose  such 

a  condensation,  which  is  evidently  very  Conclunon, 
giadual,  to  take  place  in  the  imaginary 

primitive  solar  atmosphere.  The  laws  If  we  recur  for  a  moment  to  the  order 
of  dynamics  show  that  as  the  conden-  of  the  principal  facts,  of  which  it  has 
sation  goes  on,  the  suns  rotation  will  been  attempted  to  give  an  outline  in 
be  accelerated,  the  centrifugal  force  at  this  treatise,  it  will  be  seen  that  they 
the  Hmits  of  the  atmosphere  increased,  may  be  classed  in  three  periods  suf- 
and  these  limits,  which  depend  upon  ficiently  distinct.  The  first  of  these, 
the  magnitude  of  the  centrifugal  force,  which  refers  simply  to  the  observation 
contracted.  of  celestial  phenomena,  and  the  hypo- 
In  this  manner  as  the  condensation  theses  by  which  they  were  reduced  to 


their  particles  will  form  S9  many  con-  nicus  and  Kepler,  embraces  the  dis- 

oentric  rings  of  vapour  circulating  round  covery  of  the  real  motions  of  the  earth 

the  sun.    But  the  regularity  that  this  and  the  general  laws  of  the  planetary 

formation  requires  in  the  arrangement  revolutions.    The  third  period  is  cha- 

of  the  particles  of  the  zone,  and  in  their  racterixed  by  Newton's  discovery  of  the 

eooling,  must  have  rendered  this  pheno-  causes  of  these  laws,  and  the  applica- 

menon  very  rare.    Accordingly  we  see  tion  of  analysis  to  the  theory  of  univer- 

but  one  instance  of  it  in  the  solar  sys-  sal  gravitation,  which  we  owe  to  the 

tern— that  of  the  rings  which  circulate  great  mathematicians  of  the  last  cen- 

round    Saturn.    In    most  cases   each  tury.    To  the  progress  made  within  that 

ring  of  vapours  would  divide  into  several  time  by  the  science  of  physical  astro 

masses,  whkjh  with  nearly  equal  velo-  nomy,  as  well  as  to  the  great  improve- 

aties  would  coatinuc  to  dicuUte  round  mentsin  the  construction  of  instruments, 
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is  doe  the  mrprising^  t)erftction  of  ottf  mM$  proof  of  Ha  itiliAlgttiM 

tablefl.    On  the  aeeuracy  with  which  the  Mrty  bjr  the  ittusknif  of  hit  fleniet  and 

places  of  the  sun,  moon,  and  planets  can  \3j  his  srif-lofe,  man  lonf  k>oktd  upon 

be  predicted  for  any  future  time,  depend  himself  as  the  centra  of  the  heavenly 

the  most  important  applications  of  astro-  motions,  and  his  Tain  pride  has  been 

nomy  to  the  purposes  of  navigation  and  punished  by  the  fears  that  they  have 

geography.    This  accuracy  would  have  caused  him.    At  last,  centuries  of  inves- 

been  unattainable  without  a  knowledge  tigation  have  removed  the  veil  that  hid 

of  all  the  complicated  disturbanoes  in  mm  his  ejti  the  sjrstem  of  the  world, 

the  motions  of  these  bodies,  produced  by  He  then  found  himself  on  a  plancf  al* 

their  mutual  action :  and  it  is  the  deter>  most  imperceptible  in  the  solar  systeoh 

mination  d  priori  of  the  mathematical  of  whicn  the  vast  extent  is  itself  only 

laws    followed  by  these  disturbances,  en  insensible  point  in  the  immensity  of 

that  has  rendered  the  improvement  of  spaee.    The  sublime  results  to  whieh 

the  tables  so  great  and  rapid  during  the  this  diseovery  has  led  hhn,  are  weU  eel* 

last  half  century.     While  on  the  one  ^oted  to  console  him  for  the  rank  that 

hand  the  practical  advantages  of  this  it  assigns  to  the  Earth;  it  shows  him  his 

perfection  are  so  numerous  and  so  ex-  own  greatness  in  the  smallness  of  the 

tensively  felt ;  on  the  other  the  solution  of  base  whidi  he  has  employed  to  lueasuri 

the  great  mechanical  problem,  to  which  the  heavens.    Let  us  preserve  with  eese^ 

astronomy  has  now  been  reduced,  bids  let  us  augment  the  treasures  of  this 

ftur  to  lead  to  results  of  the  highest  order  lofty  knoi^edge,  the  delight  of  thinking 

among  philosophical   and   speculative  beinj^    They  have  rendered  important 

fruths.  services  to  navigation  and  geography; 

Indeed  the  advantages  derived  fhnn  the  but  their  greatest  benefit  eonsisls  n 

perfection  of  astronomy  are  still  greater  having  dissipated  the   fears  produced 

tfi  a  moral  than  in  a  practical  and  eco*  by  the  celestial  phenomena,  and  de^rop 

aomioal  view.    This  has  been  well  ex-  ed  the  errors  arising  fi^om  the   igeo- 

pressed  by  La  Race,  with  whose  words  ranee  of  our  true  relation  to  neturst 

we  shall  conclude.    *  Astronomy,  by  the  errors  and  A»rs  which  would  spring  eg 

dimity  of  its  object,  and  the  perfectioi»  Again  promptiy»  were  the  torch  of  setenOl 

of  its  theories,  is  the  finest  monument  of  extinguished/ 
the   human  understanding,  the   most 
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APPENDIX. 


t^iew  qf  the  principal  Slements  qfihe  huUoH  AHrofumy,  a»  conimn^inthe 

Saurya  Siddhanta. 

Obliquity  of  the  ecliptic        .  .            .      24<»      C      IT 

Greatest  equation  of  the  centre    •  .             2      lo     39 

Length  of  the  sidereal  year      .  •     365*    6^     12"     36« 

Annual  precession          .            •  .              0^0*    54" 

Sidereal  revolution  of  the  moon  .           27*    7'*    39"    12» 

„            „               of  the  apsides  .             .  3232*. 833^ 

„            „               of  the  nodes  .            .            6794.383 

Greatest  equation  of  the  centre  .                 5*^      2'    48^ 

Lunar  parallax                •             •  •                   51'    40" 

Sidereal  revolution  of  Mercury  .              .             87.94 

„            „            „      Venus  •             .            .281.99 

Mars  •            •             686.99 


f»  f»  M 

>»  t*  9t 

It  fl 


Jupiter     «  •        •         4332.39 

„     Saturn  •         •  10765.87 
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View  tfike  prineipai  Element  qfthe  Tbbles  of  Ptotmp. 

Obliquity  of  the  ediptic      .            .            .        23^  51'      0" 

Greatest  eqaatiott  of  the  centre            •              .    2  23       0 

Length  oftne  tropical  year         •             365<*.    5^  56^.  12*. 

Annua]  precession           •  .            .            .    •      0^  0'  36'^ 

Mean  dbtance  of  the  sun  {the  earth's  radius  =^1  ]  .  1210 

Diurnal  tropical  revolution  ofthe  moon      .    •     13°  10'  34" 

9,               „               ,»    of  the  apsides               0  6  41 

„               ,•              •,    of  the  nodes '    .           0  3  10 

Greatest  eauation  of  the  centre          .              .     4  59  14 

Apparent  diaraeter  of  the  noon  (constant)       .  32  20 

Mean  distance  of  the  moon  (earth*s  radius  »  1 )  ^  59  ^ 

Inclination  of  the  orbit            •           .                5^  0'      o'^ 

Mean  motion  in  365  days  of  Mercuiy      ,        1493  43  13 

f           n           $»            Venus        .             584  46  57 

„           ,»           »»            Mars              .        191  16  54 

n           9*           fp            Jupiter       «             30  20  22.8 

•»           •»           M             Saturn            •          12  13  23.9 


Prineipai  BlemenU  of  the  Arabian  AHronomy^from  El-BcUam. 

Obliquity  of  the  ecliptic        .  •  2Z^  35'    0" 

Length  of  the  tropical  year      •  •  •      365*^    5^  46'"  24' 

Greatest  equation  of  tlie  centre  .  1°  58'    O" 

Annual  precession       •  .  .  •        0      0   54.5 

The  Lunar  Tables  of  £1-Batani,  and  his  parallaxes  of  the  sun  and  moon,  aie 
M>se  of  Ptolemy ;  however,  instead  of  assuming  the  moon's  diameter  as  constant 
id  =32'  20" 

he  makes  it    »    29  30     in  the  apogee. 

and  s    38  30     in  the  perigee. 

The  following  mean  motions  of  the  planets  are  taken  from  Ibn  Jonnis. 
Motion  in  30  days  of  Mercury  .  93^  12     4"l 

Venus        .  .      48    29  47.2 

Mars  .  15    43    19.7 

Jupiter  •  •     2    29   38.0 

Saturn  .  1      0   17.7 


i»  f>  >i 

II  i»  »» 

i>  •»  t» 

»  >•  »• 


Elements  ofthe  Tables  of  Tyeho  BrahS. 

Length  ofthe  tropical  year 

Greatest  equation  of  the  centre 

Obliquity  of  the  ecliptic 

Annual  motion  of  the  apogee 

Mean  solar  parallax 

Annual  precession 

Mean  parallax  ofthe  moon 

Greatest  ditto 

Least  ditto 

First  inequality — equation  of  the  centre 

Annual  motion  in  longitude  • 

„  „  anomaly 

„  argument  of  the  latitude 

Greatest  semidiameter        «  , 

Least  ditto 

Horizontal  refraction  (for  the  son) 

Refractioa  at  45**  of  altitude 


365^  5»»  49*  0» 

2° 

3'  15" 

23 

31  30 

0 

0  45 

0 

3   0 

0 

0  51 

u 

57  24 

0 

66   6 

0 

48  43 

4 

58  30 

129 

37  32 

88 

43  7.7 

148 

42  45.5 

0 

18   0 

0 

14  24 

0 

34   0 

0 

Q   ^ 

\^ 
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The  following  ntean  tnotioru  of  the   Planets  are  taken  from  ihe-Hudo^ne 

Tables  of  Kepler. 

Mean  motion  of  Si^turn  in    365  days  12^  13'  36" 

»,  ,»  Jupiter       •  30   20  32 

„  M  Mars  .  131    17     8 

„  „  Venus  •  224    47   36 

„  Mercury        •         53    43   15 


Additional  Obeervaiione  on  the  Indian  Tables. 

It  has  been  thought  advisable  to  reserve  for  the  Appendix  a  more  extended 
account  of  the  Indian  Tables  and  methods  of  calculation :  a  subject  of  great 
interest,  but  which  it  is  difficult  to  explain  without  entering  into  details  too  obscure 
and  technical  to  suit  the  text  of  this  Treatise.  It  is  unnecesssj^  to  recapitulate  the 
reasons  which  have  been  assigned  for  refusing  to  the  Indian  Tables  that  antiquity 
which  has  been  attributed  to  them  by  some  authors ;  and  for  supposing  the  date 
of  the  Surya  Siddhanta  in  particular  to  be  several  centuries  posterior.to  the  Chris* 
tian  sera.  Nor  can  we  enter  into  the  discussions  raised  l)etween  Messrs.  Bentlcy 
and  Colebrooke  about  the  age  of  various  early  Hindoo  astronomers.  Were  the 
ancient  Sanscrit  treatises  of  astronomy  accessible  to  the  European  public,  aa 
opinion  mi^ht  be  formed  as  to  the  relative  probability  on  either  side  of  the  ques- 
tion. But  as  long  as  these  treatises  (the  various  Siddhantas  of  Brahma,  Suiya, 
&&,)  remain  not  only  unpublished,  but  in  a  language  known  to  very  few  if  any 
scientific  men  in  this  country ;  andtis  lon$r  as  our  knowledge  of  them  is  confined 
to  a  few  scanty  extracts,  elicited  by  scientific  controversy,  it  is  next  to  impossible 
to  appreciate  the  value  of  the  arguments  and  opinions  offered  on  the  subject  Id 
this  uncertainty,  we  shall  merely  content  ourselves  with  observing  that  Mr.  Benfley, 
in  his  Historical  View  of  the  Hindu  Astronomy*,  refers  the  earliest  Indian  obsov 
vations  to  the  year  1425  B.C.,  at  which  time,  according  to  him,  the  lunar  man- 
sions or  constellations  of  the  lunar  zodiac  were  formed  t.  The  date  in  question 
is  deduced  from  the  position  of  the  colures :  a  certain  mansion  having  received  its 
name  from  being  bisected  by  the  equinoxial  colure  at  the  time  of  its  formation  $. 
The  next  observation  may  be  referred  to  the  year  1181  B.C.,  when  the  sun  and 
moon  were  in  conjunction  in  the  winter  solstice.  At  this  time  it  is  said  that  the 
twelve  solar  months  were  formed,  and  observations  made  on  some  of  the  planetsf 
About  the  year  945,  it  was  ascertained  that  the  Colures  had  fallen  back  3°  20' 
from  their  positions  at  the  former  observations  in  1181,  thus  giving  an  annual 
])recession  of  nearly  48".  57  ||.  It  is  unnecessary  to  recapitulate  various  observa- 
tions on  the  quantity  of  precession,  the  position  of  the  planets,  the  heliacal  rising 
of  certain  stars,  made  in  the  course  of  the  seven  subsequent  centuries.  About  the 
year  204,  according  to  Mr.  Bentley  1^,  considerable  improvements  were  made  in 
astronomy,  new  and  more  accurate  tables  formed,  and  new  equations  introduced. 
At  this  time,  too,  the  Hindoo  history  was  divided  into  periods  for  chronological 
purposes;  and,  in  order  to  recover  them  by  astronomical  computation,  shouki 
they  be  lost,  the  following  system  was  adopted  :— For  the  year  with  which  each 
period  began  and  ended  they  computed  the  day  of  the  montli.  and  the  moon's  ajre, 
on  the  day  in  which  the  sun  was  in  conjunction  with  Jupiter.  These  chronolo- 
gical periods  were  called  Yugas.  The  end  of  the  first  period,  or  Kali  Yujt.  was 
fixed  by  a  conjunction  of  the  Sun,  Moon,  and  Jupiter,  in  the  beginning  of  Cancer, 
on  the  26th  of  June,  299  B.C.  At  a  later  time,  similar  chronological  periods, 
called  Manwantaras,  were  formed,'  and  similarly  determined,  with  the  difference 
that  the  planet  Saturn  was  employed,  instead  of  Jupiter.  Of  the  Yugas  there 
were  four;  and  the  earliest  of  them,  the  Krita  Yug,  began  in  the  year  2352  B.  C. 
Of  the  Manwantaras  there  were  ten,  and  the  earliest  began  4235  B.C.  The 
object  of  the  introduction  of  the  latter  seems  to  have  been  to  increase  the  supposed 
antiquity  of  the  nation. 

*  London,  li<S5, 8vo. 
t  It  appean  that  at  first  there  were  S8  of  these  mansions,  each  comprising  an  arc  of  lS°.5I'3.7Uts ;  hot 
these  were  subsequently  reduced  to  37  of  13^  .SCK  each.    Bentley,  op.  cit.  p.  6. 

t  Bentley,  p.  2.  S  BenUey,  p.  10. 

I  This,  howerer,  was  not  the  first  obsenraiion  of  precession :  the  solstice  of  1181  bad  aboira  tbcDi 
UM  §ioc9  ti)C  fpnnatioa  of  Ui«  lunar  mtnilons  the  colures  liad  retrograded  through  3°.  20". 
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Withthetetr5d8'A.D^besiiis,  according  to  Mr.  Bentiey/ the 'modem  utro- 
nomy  in  Hindoottan ;  an  agronomy  characterised  by  the  introduction  of  nevr 
and  enormous  periods.  The  Bramins  at  this  time  chose  to  select  a  period  of 
4320000000  years,  which  they  cdled  a  Kalpa.  The  object  of  goin^  so  far  back  into 
antiquity  was  to  obtain  a  mean  conjunction  (or  at  least  an  approximation  to  such) 
of  all  the  planets  in  the  beginning  of  the  sidereal  sphere,  commencing  with  the 
lunar  asterism  Aswini.  The  Kalpa  was  subdivided  into  14  Manwantaras,  each  of 
308448000  years  with  the  addition  of  1728000  years  to  make  up  the  Kalpa.  The 
Manwantara  again  they  divided  into  71  Maha  Yugas  or  great  ages  of  4320000 
years  each,  with  the  addition  of  1728000  to  make  up  the  Manwantara.  The  Maha 
Yuga,  or  great  age,  they  divided  into  four  others,  viz,  the  Kali  of  432000  years,  the 
Dwapar  of  864000  years,  the  Treta  of  1296000,  and  the  Khta  of  1728000  years: 
assigning  to  these  periods  the  same  names  that  thev  had  used  in  the  former  di- 
visions of  their  history.  Knowing  the  positions  of  the  planets  for  a  certain  day  of 
the^ear  538  A.  D.,  the  respective  mean  motions  may  be  concluded  by  a  com  • 
panson  with  the  places  at  the  beginning  of  the  Kalpa ;  and  hence  their  places 
calculated  for  any  intermediate  or  subsequent  time. 

The  most  ancient  astronomical  svstem  framed  upon  these  principles  is,  as  we 
have  just  said,  referred  by  Mr.  Bentley  to  the  year  538  A.  D.  Ihe  author  is 
•opposed  by  some  to  be  Brahma  Acharva,  by  others  Brahma  Gupta :  the  system 
itself  is  given  in  a  work  called  the  Siadhanta  Siromani,  generaUy  referred  to  the 
latter  of  these  two  authors.  The  next  in  chronological  order  are, — the  Vasishtha 
Siddhanta,  pretending  to  have  been  composed  1299 101  years  B.C.,  the  Suxya 
Siddhanta,  claiming  a  pretended  antiquity  of  3027101  years  B.  C,  and  the  Soma 
Siddhanta,  to  which  the  date  of  3101  years  B.  C.  is  fictitiously  ascribed.  ¥Vom 
astronomical  data,  in  particular  the  lonjntude  of  Canopus,  Mr.  Bentley  refers  the 
Vasishtha  Siddhanta  to  the  year  928  A.  D.  In  later  times  occur  the  Arya  Siddhanta* 
(A.  D.  1322)  Parasara  Siddhanta  and  others. 

Such  are  the  views  of  Mr.  Bentley  with  regard  to  tlie  ori^n  and  progress  of 
astronomy  among  the  Hindoos.  In  themselves  they  are  sufficiently  reasonable  and 
probable  ;  and  the  date  thus  assigned  to  the  Surya  Siddhanta  is  strongly  confirmed 
by  an  examination  of  the  errors  of  the  tables  contained  in  if^.  But  it  is  much  to 
be  regretted  that  Mr.  Bentley  has  altogether  omitted  to  quote  his  authorities  for 
the  different  facts  stated  by  him ;  so  that  it  is  impossible,  except  in  a  few  instances* 
to  ascertain  whether  they  rest  upon  astronomical  deductions  or  positive  historical 
testimony.  Indeed  it  would  appear  that  many  works  now  existing  in  Sanscrit 
contain  passages  altogether  contradictory  to  the  truth  of  this  system :  these  pas- 
sages Mr.  Bentley  declares  to  be  forgeries  and  interpolations  of  the  modem  Brahmins. 
Indeed  he  is  obliged  to  suppose  that  the  whole  of  the  ancient  Hindoo  works  have 
been  remodelled  by  the  modern  Indians  to  increase  the  pretended  antiquity  of  their 
history  and  astronomy ;  that  all  passages  unfavourable  for  this  purpose  have  been 
struck  out;  and  a  great  number  of  a  contraiv  description  interpolated.  This 
hypothesis  of  Mr.  Bentley  seems  rather  forced :  how  far  it  is  really  borne  out  by 
facts  must  be  left  to  the  decision  of  the  few  who  have  opportunities  of  examining 
critically  the  Sanscrit  literature. 

We  shall  now  proceed  to  consider  the  nature  of  the  Indian  astronomical  S3rstem8 
and  tables,  without  entering  into  any  further  discussions  on  their  antiquity.  The 
most  celebrated  and  best  known  of  ttiese  systems  is  the  one  known  by  the  name  of 
the  Surya  Siddhanta.  We  should  form  a  false  notion  of  this  book,  were  we  to 
suppose  it  at  all  similar  to  any  European  tables  or  treatises  upon  astronomy.  To 
convey  some  idea  of  the  nature  of  the  work,  we  shall  ^ve  an  extract  from  it 
published  by  Mr.  Davis  in  the  second  volume  of  the  Asiatic  Researches.  '  Time 
of  the  denomination  Murtat  is  estimated  by  respirations :  six  respirations  make  a 
Yicala,  sixty  Vicalas  a  Danda,  sixty  Dandas  a  Nacshatra  day,  ana  thirty  Nacshatra 
days  a  Nacshatra  month.  The  Savan  month  is  that  contained  between  thhrty 
successive  risings  of  Surya,  and  varies  in  its  length  according  to  the  Lagna  Bhija. 
Thirty  Tit'his  compose  the  Chandra  month.  The  Saura  month  is  that  in  which  the 
Sun  descril)es  one  sign  of  the  Zodiac,  and  his  passage  through  the  twelve  signs  is 
one  year,  and  one  of  those  years  is  a  Deva  day,  or  day  of  the  Gods.    When  it  is 

*Seepag«  11. 
■f  Thia  it  metn  sideretl  Ume.    A  Nacshatra,  or  sidereal  day,  is  the  time  ia  which  the  stars  appcaito 
make  one  complete  rerolutloo.    The  Saras  It  tht  folar  day :  the  Lajna  Bh^a  mean*  the  li^j^  aiMa'. 
•Ion.    Aslat.  Beaearcb.  Tol.  U.  p.  380. 


til  .HiBXDBY  01  AsrBoirom. 

day  at  Afifra*  it  ift  night  with  «ie  <Ms;  sMln/vhai  it  Ss  da^  witti  tiw  CMi  r  is 
Bt^t  mt  Abuhl  Sixty  of  the  Deva  jdftys  ixniltiplied  by  six  give  the  Deva  year;: 
Wad  1200  o£  the  Deva  years  form  the  aggvegate  of  thelonr  Yugai.  To  dflteraauMi 
tbe  Saura  yean  contained  in  this  a^^gregate.  write  down  the  foUowing  nwBbers. 
4,  3, 2,  whidi  multiply  by  10000 :  i&  product  4320000  is  the  a^egate,  or  Mafaa 
Yoga,  including  the  Sandhi  and  Sandhiansat.  This  is  divided  mto  Ibur  Yaraa,  fay 
teasoo  of  the  different  proportions  of  virtue  prevailing  on  the  earth  inthefoUowiMg- 
manner.  Divide  the  aggr^ate  4320000  Ir^  1 0  and  mvdtiply  the  quotient  by  4  lor 
the  Satya  Yug,  by  three  for  the  lYeta,  by  two  for  the  Dwapar,  and  by  one  for  the 
Cali  Yug.  Divide  either  of  the  Yugs  by  six  for  its  Sandhi  and  Sandhiaaaa* 
Seventy  one  Yugs  make  a  Manwantara,  and  at  the  close  of  each  Manwantara  theft 
is  a  Sandhi  equal  to  the  Satya  Yu^,  during  which  there  is  an  universal  deluge. 
Fourteen  Manwantaras,  including  the  Simdhi,  compose  a  Calpa,  and  at  the  eooh 
menoement  of  each  Calpa  there  is  a  Sandhi  equal  to  the  Satya  Yug,  or  1726000 
Saura  years.  A  Calpa  is  therefore  equal  to  1000  Maha  Yugs.  One  Calpa  is  a 
day  with  Brahma,  and  his  night  is  of  the  same  length ;  and  tl^  period  of  his  life  ii 
1 00  of  his  years.  One  half  of  th  e  term  of  finihma^s  Itfe  is  exphred,  and  of  the  remainder 
liie- first  Calpa  is  begun ;  and  six  Manwantaras,  including  the  Sandhi,  are  expired. 
The  seventh  Manwantara,  into  which  we  are  now  advanced,  is  named  Vaivas-wata: 
of  this  Manwantara  27  Maha  Yugs  are  ekpsed,  and  we  are  now  in  the  Satya  Yog 
of  tiie  28th,  which  Satya  Yug  consists  of  1728000  Saura  years.  The  whole  amount 
of  years  fVom  the  beginning  of  the  Calpa  to  the  present  time  may  hence  be  eom- 

Eoted;  bat  from  the  number  of  years  so  found  must  be  made  a  deduction  of  OM 
undred  times  four  hundred  and  seventy-four  dhrine  years,  or  of  that  product  multi- 
plied by  three  hundred  and  sixty  for  human  years,  that  being  the  term  of  Brfthna*a 
employiiient  in  the  creation ;  after  which  tlie  planetary  motions  commenoed.* 
•  MaUiig  the  oalcolations  indicated  in  the  text  of  the  Surya  Siddhanta  19%  got 

^  ^  4320000 

Kah  a  — jj —  X  1  =    432000 

^  4320000 

Dwapar    =   — — —  x  2  =    864000 

Treta       =     3  Kalis  «=  1296000 

Satya  =  4  Kalis  ^        1728000 

Maha  Yuj^  s:         4320000 

Multiply  by  71  s     302400000 

'^^™~~       '    '  '• 

71  Maha  Yugs'  =    306720000 

Sandhiansa  »  Satya  Yug  s=        1728000 

:  308448000 
Multiply  by  14  «=  1233792000 

4318272000 
Sandi  =        1728000 


The  whole  duration  of  the  Calpa  then  cs  4320000000 

The  Sandhi  at  the  beginning  of  the  Calpa  =        1728000 

6  Manwantaras  =   1850688000 
20  Maha  Yugs  =       86400UOO 

7  Maha  Yugs  =       30240000 
Satya  age  of  the  28th  Maha  Yug  s         1728000 

1970784000 

Subtract  474  x  360  =          170640 


Period  elapsed  from  the  beginning  of  the")         ,  o^/^e,  o«^«. 
Calpa  .  .  :  S    =   1970613360 

*  The  South  Pole*  ^  UcBxXna«Aii  v««d\tm&  V«tf\2ilk^^ 


jmimnr  Of  AsnoN owr.  ki 


Tlii  Btim  BMilwirti  ttmi  proomti 

"     iCtiii  fi 


*  In  aai  Yvf?,  (tarn,  Buddte  tai  Socr»  ptrCDm  495SM00  IfadhfaoM  revolur 
ti0nt  thraofh  tiit  waim;  ICanfak,  VribMfmti  and  Sani  make  the  same  number 
of  8i|em  rmMimiB  Ihrtiigh  it  t  Chaadm  make*  57  763336  Madhyama  revolut  iont  | 
Man^a  389tf83i  Hadhyama revohitkmi :  Buddha's  Sigras  are  17937060  ;  Vriha» 
jipali*a  Mtrih|MiMii  3Ui2» ;  Suera*s  Sigras  7022376 ;  Sani  s  Madhyamas  are 
146M6.  TIm  Cbaakodtycitm  rtvoltttkHis  are  4B8203 ;  the  retrograde  revolutions  M 
the  Oliaedrapata  are  232283/ 

To  raderBtaad  4bis  passage  it  is  necessary  to  observe  that  Surya  means  the  Sun  t 
Buddha,  Mereuiy ;  Sucra,  Venus ;  MaagsSa,  Mars ;  Vrihaspati,  Jupiter ;  8ai4 
Saturn;  ChandiBv  the  Moon;  Gbandroohcha,  the  Moon*s  apogee;  Chandra 
FMa*  the  Moon*s  ascending  node*  The  Madhyama  revolutions  of  Mars,  Jupitsf 
•ad  Saturn,  and  the  Sigra  revolutions  «f  Venus  and  Mercury  correspond  to  their 
sarolatiens  about  the  Sun.  The  mean  revolutions  of  the  two  latter  planets  are 
tkm  rnqoMl  to  that  of  the  Sun,  as  in  Ptdeny.  The  length  of  the  lunar  month  ma 
te  foand  from  this  passage  as  fojlows:— 

Chandra  revolutions  in  a  Yug    ^  57753386 
Madhyama  revolutions  of  Surya  =    4320000 

Lunar  months  in  a  Yug  =  53433336 

And  1577917828,  being  the  number  of  days  in  a  Yug,  (see  below), 

1577917828 
Length  of  the  lunar  month  =    .^..^^.^^    =  29*  12**  44"  2*  47'"  in  English  time. 

«>o4«>ooao 

The  Surya  Siddhanta  proceeds, — 

'  The  time  contained  between  sunrise  and  sunrise  is  the  Bhumi  Savan  day :  the 
number  of  those  days  contained  in  a  Yug  is  15777917828.  The  number  of  Nac- 
shatra  days  1382237828  ;  of  Chandra  days  1603000080 ;  of  Adhi  months  1593336  ; 
of  Cshaya  Tithis  25082252;  of  Saura  months  51840000.  From  either  of  the 
planet's  Nacshatra  days  deduct  the  number  of  its  revolutions,  the  remainder  will 
De  the  number  of  its  Savan  days  contained  in  a  Yug.  The  difTerence  between  the 
number  of  the  revolutions  of  Surya  and  Chandra  gives  the  number  of  Chandra 
months ;  and  the  difference  between  the  Saura  months  and  Chandra  months 
gives  the  number  of  Adhi  months.  Deduct  the  Savan  days  from  the  Chandra 
davsy  the  reaaindcr  will  be  the  number  of  Tithi  Cshayas.  The  number  of 
Adhi  months,  Titiii  Cshayas,  Nacshatra,  Chandra,  and  Savan  days,  multiplied 
verally  br  1000,  gives  tKe  number  of  each  contained  in  a  Calpa.* 
To  get  toe  length  of  the  Hindoo  year,  divide  the  number  oi  Uhumi  Savaa  dafi 
~itained  in  a  Yug  by  the  solar  revolutions  in  the  same,  and  we  obtain 

1577917828 
Length  ofthe  Hindoo  year  =  "J^i^mo'  "=  ^^^*  ^**  12"  36-  33'"  in  English  tima. 

To  find  the  Moon's  periodical  month,  divide  the  same  number  of  days  by  the 
number  of  Chandra  revolutions  in  a  Yug,  and  we  get 

1577917828 

=  27*  7**  39"  12*  88"'. 

57753336  Jn     '    ou-  i^    oo    . 

The  Chandnwdays,  called  also  Tithis,  are  eadi  one-thu^ieth  part  of  theMoon*s 
synodical  month,  and  vary  in  length  according  to  the  inequahty  of  her  motions 
The  Adhis,  or  intercalary  lunar  months,  are  thus  found, — 

Lutiations  in  a  Yug     =  53433336 
Saum»  or  solar  months  =  61840000 

Adhis  in  a  Yug  s     1593336 

The  Surya  Siddhanta  then  adds, 

'  The  number  of  Mandochcha  revdutions,  which  revolutions  are  direct,  or  ae- 
cording  to  the  ord^r  of  the  signs  contained  in  a  Calpa,  is,  of  Surya  387 ;  of 
Mangala204;  ofBudha368;  of  Vrihaspati  900 ;  of  Sucra  535;  of  Sani  39.* 

'  The  number  of  revolutions  of  the  Patas,  whieh  revolutions  are  retrograde^  oc 
contrary  to  the  order  of  signs  contained  in  a  Calua,  is,  of  M.a.x\«,^^  ^W  \  q\^>\^^n». 
488 ;  of  Vrihaspati  174;  of  Sucra  903 ;  of  Bam  662.    lYv^  "l^aX^  ^<^  O^^Xa.  ^\ 
Chandns,  ire  already  meDtioDed,* 


It  may  be  as  well  to  repeet  here  that  IfandodMha  neani-thelqMgM;  -MftThe 
tiode.  The  Brahnunt  hsve  pereewed  the  neoetHhry  in  the  «oiine  oif  tanttOf  ap- 
paring  s<Riie  corrections  to  these  numben.  Thus  the  motions  of  the  Moon'iamee 
and  node  are  now  increased  in  compatations  of  their  pUuMs  bf  the  addition  of  lour 
lerolations  each  in  a  Ya|r,  to  the  respecUfO  numbers  abore  given. 

If  we  now  proceed  to  the  consideration  of  the  equatioos  of  the  oentre,  we  find 
thati  the  Hindoos,  like  Ptolemy  and  the  earlier  Boropean  astronomers,  -employ 
ezcentric  circles,  and  epieydes.  In  the  cxeentric  they  suppose  the  exeentnoity 
equaltothesineof  the  greatest  equation  of  the  centre;  ana,  generally,  the  sine  of 
the  equation  of  the  centre  equal  to  the  sine  of  the  greatest  equation  x  sine  of  the 
pnomaly.  Thw  fandamentu  principle  is  common  to  the  Greeks  and  Indiana. 
The  latter,  as  well  as  the  former,  substitute  an  epioyde  for  the  ezcentric,  the 
ladius  of  the  epicycle  bein^  equal  to  the  ezoentrioity.  But  the  Hindooo  modiQf 
their  calculation  m  a  peculiar  way,  the  neoMsity  or  siaTantage  of  which  it  is  not 
eagr  to  see.  The  equation  of  the  centre  of  the  Sun  bmg  13<r  .32'',  the  Indians  say, 

Radius  3438' :  excentridty  «  130'. 32'' ::  360° :  13^.40'  =  dreumferenoe  of  the 
q>icycle.  This  circumference  they  csdl  the  paridhi-ansa ;  they  take  on  it  an  ait 
c<|ual  to  the  mean  anomaly.  The  nne  md  cosine  of  this  anomdy  in  the  little 
drde  are  in  a  giten  ratio  with  the  sine  and  cosine  of  the  same  are  in  the  gmder 
eiide 


Let  £  be  the  centre  of  the  ezcentric  circle  FM I H,  which  is  the  orbit  of  ths 

Sun;  0.  the  Earth,  and  Q  G I P  a  circle  which  has  0  for  its  centre;  £0isthe 

excentricity,  H  the  place  of  the  apogee.    Take  the  Son*s  mean  place  at  <i,  rad 

with  a  radius  =:  excentridty  describe  the  epicvde  ego,  cutting  H  F M I  in c;  a 

line  joining  c  a  will  dearly  be  parallel  to  G  0,  (for  the  radius  0  a  s  the  radius 

£H  orEc):  join  0a  and  prolong  it  to  ^.  the  angle  c  a^  =  H0a  =  the  mean 

-anomaly ;  call  this  angle  ^ ,  then  C  A  k  oc .  sin.  ^ 

=  e .  sin.  f  [tf  =  excentridty], 

0A  =  0o  +  aA 

=  1  +  tf  .  cos,  f. 

Knowing,  then,  ch  and  0  A,  we  might  find"^  C0,  and  thence  deduce  the  angle 

c0a,  which  angle  =  a0H  -  cQH 

^  mean  anomaly  —  true  anomaly 

=  equation  of  the  centre. 

'The  square  of  the  hypotbenuse  =  e^  .  sin.*  f  +  1  +  2^ .  cos.  f  +  e*  •  cos.*  f* 

=  1  +  «•  +  2tf .  COS.  f , 

g  .  sin,  f  I 

and  sin.  c  0  a  =    /,  ^  ^^  »  =  *  •  ""•  ^  -  T  •  ^  •*"•  ^• 

^^  Vi +  ^+2.tf.cos.f  2 


'  sin.  f ;  the  excentncity  beco 
=  133'.43"-3Ml".8in.  f; 
hence  the  equation  of  the  centre  =  (133'. 43"  -  3'.  1 1" ,  sin.  f)  sin.f , 

=    133'.43" .  sin.  f  -  3'.  11"  .  sin.«  f. 

*  The  iborteit  way  would  be  to  ftnd  ihe  «ft  fTom\bftUnfet\,Va\\k&.%  tkM  Indiaiu,  who  Mwm  taHd 
oftinet  only,  coold  not  do. 

t  In  the  h%\vX*  ilfieMcYi.,  t«^,V\,  p.^e,\\\%  ^xim\>i  toisMjkt^^W , 
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The  lunar  eqnatidii »  otlculited  by  the  same  method ;  and,  thcmgh  the  equation 
if  double  that  of  the  Son,  with  the  same  empirieal  correction  3'«  11''  sin.*  f,  which 
teems  very  eztnordinaiy.  But  it  is  remarkable  that  these  formula  represent 
the  equations  in  question  with  great  accuracy ;  in  fact,  with  much  greater  ac- 
curacy than  the  Indians  could  use,  their  tables  of  sines  being  only  calculated  for 
every  3**^. 

Mention  has  already  been  made  of  these  tables  in  the  first  part  of  this  TVea- 
tise :  as  they  are  not  the  least  curious  part  of  the  subject,  it  may  he  worth  while, 
in  this  place,  to  give  a  more  detailed  account  of  them. 

The  precept  in  the  Surya  Siddhanta  is  the  following.  *  Divide  by  8  the  number 
of  minutes  contained  in  a  sign,  that  is  to  say  1800:  the  quotient  225' is  the  first 
Jyapinda,  or  the  first  of  the  twenty-fourth  portions  of  half  the  strintc  of  the  bow, 
(half  the  chord  of  the  double  arc).  Divide  the  first  Jyapindaby  233 .506t,  subtract 
from  the  dividend  the  quotient  1',  and  add  the  remamder  to  the  first  Jyapinda  to 
form  the  second  449.  Divide  the  second  Jyapinda  by  233 .506,  the  quotient  being 
1^  and  more;  subtract  2'  from  the  preceding  224,  and  add  the  remainder  thus  found 
to  the  second  Jyapinda,  to  form  the  third  671.  Divide  this  numl)er  by  233.506 ; 
subtract  the  quotient  3'  from  the  last  remainder  222' ;  add  the  remainder  219  to 
the  third  Jyapinda  to  form  the  fourth  890  ;  and  thus  continue  till  you  have  com- 
pleted the  24  cramadjyas,  (right  sines).*  Iliis  method  is  founded  upon  the  following 
princnple: — the  second  difference  of  sin.  A» 


or  A'  •  sin.  A  =3  -  4  ginj 


V    2 


)- 


sin«  A 


=  -  (chord  A)* .  sin*  A, 
In  this  case  A  A  =  3*'.45, 1  A  A  =  1°.52'.30" 

4  sin.«-^  5=  0.00428255 


233.506 


The  Surya  Siddhanta,  as  translated  by  Mr.  Davis,  gives  r— ;  but  as  this  is  not  the 

right  value,  and  yet  the  Indian  table  is  accurate,  there  seems  to  be  some  mistake 
in  the  translation.  To  enable  the  reader  to  judge  of  the  accuracy  of  the  table,  we 
subjoin  it  here,  comparing  it  at  the  same  time  with  the  modem  European  tables*. 


Indian 

Modern 

Indian 

Modem 

Arcs. 

sines. 

sinea. 

Arcs. 

sines. 

sines. 

0.  0 

000 

000 

3.45 

225 

224.85 

48.45 

2.585 

2584.64 

7.30 

449 

448.75 

52.30 

2728 

2727.35 

11.15 

671 

670.71 

56.15 

2859 

2858.38 

15. 

890 

889.81 

60.0 

2978 

2977.18 

18.45 

1105 

1105.02 

63.45 

3084 

3083.28 

22.30 

1315 

1315.57 

67.30 

3177 

3176.06 

26.15 

1520 

1520.48 

71.15 

3256 

3255.31 

30.  0 

1719 

1718.87 

75.  0 

3321 

3320.68 

33.45 

1910 

1909.91 

78.45 

3372 

3371.69 

37.30 

2093 

2092.77 

82.30 

3409 

3408.44 

41.15 

2267 

2266.66 

86.15 

3431 

3430.38 

45.  0 

2431 

2431.08 

90.0 

3438 

3437.75 

A  Hindoo  commentator  on  the  Surya  Siddhanta,  after  showing  how  to  divide 
the  quandrant  of  a  circle  into  twenty-four  equal  parts,  adds,  *  The  square  of  the 
bhoujajya  (sine),  subtracted  from  the  square  of  the  trijya  (radius),  gives  the  square 
of  the  cotijya  (cosine) ....  Take  the  trijya  =  3438'  and  containing  24  jyapindas  : 
its  half  is  the  jyapinda  of  a  sign  or  30**  =  1719*,  which  is  the  eighth  jyapinda  or 
sixteenth  cotijyapinda.  Multiply  by  3  the  square  of  the  U\v^«l,  ^xv^  eixNx^'fc  ^ 
product  by  4,  the  square  root  of  the  quotient  is  the  \^9.  o^  Vwo  «v^^»  w  "i^"!  V  \  vw 

*  V.  Delmbre,  Astros,  AiiC|VO\%\.  p-  4^. 
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wqcmn  voot  (f  luff  the  idnaxv  ^tiie  «%!  is  the  jya  oT  45*  «  2431';  wfdch 
noBiber  ftublraeted  frooi  the  tr^ya  lea? et  the  outeramajva  (vened  ekie),  1#07. 
Multiply  the  faijya  by  tlw  (Krtaramajya,  the  square  root  of  half  the  product  is  the 
jya  of  22^.30'.  Subtract  the  Hiaare  crfttns  number  from  the  M|uare  of  the  trijjra. 
the  square  root  of  the  difFereoce  is  the  jya  of  e/'^.ao',  or  3177',  whioh  is  the  ootijya 
of  220.30',  whose  jya  =  1315.  This  bhoujajya  and  cotijya,  separately  sulitraeled 
from  the  radius,  leave  the  outcramajya  of  each,  that  is,  261  for  22°.30'.and  2123  for 
070.30'.'  From  this  passacre  it  results  clearly,  as  has  already  been  staled  in 
Part  I.  Chap.  II.,  that  the  Indians  are  acquainted  with  the  formuU 

R«  =  sin.«  A  +  COS.*  A, 

R 
sm.  30  «  ~ 


.     A       /l-cos.A\j 

«"-T=V — 2 — ) 


1  -cos.A\l 

™-T  =  V — T^ 

sm.  60°=  ~  .  R. 


The  Brahmins  suppose  the  Earth  to  be  spherical :  they  suppose  the 
4nrided  into  1600  equal  parts  called  yojanas.  To  get  the  eheumferenee  they  osid 
anciently  to  multiply  the  diameter  by  three.  However  the  rule  given  in  the  Barj% 
Siddhanta  is  to  multiply  by  the  square  root  of  ten,  which  supposes  the  ratio 
1  :  3.1627.  The  Indian  Table  of  sines,  «n  the  other  hand,  supposes  the  ratio 
to  be  1  :  3.14136. 

To  find  the  latitude  tyf  a  place  on  the  Earth's  surface,  they  observe  the  shadow 
of  a  vertical  gnomon  when  the  Sun  is  in  the  equator.  Knowing  the  length  of  the 
gnomon,  they  calculate  the  hypothenuse,  and,  taking  this  for  radius,  they  obtain  the 
sine  of  the  latitude  =  the  gnomon  itself.  Terrestrial  longitudes  are  found  by  the 
observation  of  lunar  eclipses.  To  determine  the  lunar  parallax,  they  observe  the 
moon*s  rising,  which  they  compare  with  the  time  of  the  calculated  rising.  During 
the  difference  of  these  times  she  describes  a  space  equal  to  the  seraidiameter  of  the 
learth.  'iliis  difference  of  times  is  to  the  moon's  periodic  month  as  800  yojanas, 
or  the  earth's  semidiameter,  to  the  circumference  of  her  orbit  324000.  In  this  com- 
putation the  difference  between  the  sine  and  the  arc  through  which  the  moon 
passes  is  neglected.  In  this  way  they  made  the  Moon's  mean  horizontal  parallax 
53'. 20".  European  astronomers  estimate  it  about  57'.  As  the  Hindoos  suppose 
that  all  planets  move  in  their  orbits  with  the  same  velocity,  the  orbit  of  the  moon 
being  thus  known,  the^  conclude  by  a  simple  proportion  those  of  the  other 
planets. 

For  the  diameters  of  the  sun  and  moon,  it  is  directed  to  observe  the  time  between 
the  appearance  of  the  limb  upon  the  horizon,  and  the  instant  of  the  whole  disc 
being  nsen,  at  the  time  when  their  apparent  motion  is  at  a  mean  rate,  or  near  90° 
of  anomaly :  then  by  proportion,  as  that  time  is  to  a  natural  day,  so  are  their  orbits 
to  their  diameters  respectively,  which  of  the  sun  is  6500  yojanas ;  of  the  moon 
480  yojanas.  These  dimensions  are  increased  or  diminished,  as  they  approach  the 
lower  or  higher  apsis,  in  proportion  as  their  apparent  motion  exceeds  or  falls  short 
of  the  mean,  for  the  purpose  of  computing  the  diameter  of  the  earth's  shadow  at 
the  moon.  The  rest  of  the  calculation  of  the  eclipse,  though  long  and  tedious,  does 
not  differ  essentially  from  that  followed  by  Europeans.  An  example  of  it  has*  been 
given  at  length  by  Mr.  Davis,  (Asiatic  Researches,  voL  ii.  p.  273,)  to  which  the 
reader  is  referred. 

Having  thus  endeavoured  to  give  an  outline  of  the  Indian  methods  of  calculation, 
we  shall  conclude  by  addrog  their  Tables  of  the  Sun,  Moon,  and  Planets,  taken 
from  Mr.  Bentley's  Historical  View  of  the  Hindoo  Astronomy.  These  Tables 
require  no  explanation,  as  the  precepts  and  examples  subjoined  to  eadi  page 
elucidate  them  suflSciently.  ^^ 
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Cbaptsr  I. 

'ol  Geography — MathenuUical-^ 
kericM  figure  of  the  Earth. 

18 AL  Geography  is  the  science 
aveys  to  us  a  knowledge  of  the 
oth  as  a  distinct  and  independent 

the  universe,  and  as  connected 
(ystem  of  heavenly  bodies.  The 
itructure  and  dimensions  of  the 
-the  properties  and  mutual  rela- 
f  its  parts — the  features  of  its 
—its  productions  and  inhabit- 
jid  the  laws  which  govern,  or 
f  affect  it  as  a  heavenly  body— 
included  within  the  comprehen- 
m  of  universal  geography.  This 
m,  or  rather  description  of  the 
of  geoCTaphy,  serves  as  the  basis 
Maite-Brun's  elaborate  work;* 
lanifestly  embraces  a  great  variety 
)jects,    commonly  classed    and 

of  under  distinct  heads  of  natural 
phy.  To  avoid,  therefore,  the 
on  of  ideas  which  the  extensive- 
r  this  definition  may  give  rise  to, 
)e  convenient  to  reduce  its  terms 

the  limits  iLsually  assigned  to 
phy.  And  we  are  the  rather  in- 
to do  this,  because  the  interests 
ince  have  been  promoted  in  no 
iegree,  by  a  judicious  and  well- 
l  arrangement  of  its  parts,  which 
i  excluaes  a  great  number  of  fan- 
esemblances,  and  like  a  division 
)ur  in  mechanical  employments, 
I  every  branch  more  easy  to  be 
ed,  and  more  likely  to  be  extended 
iproved. 

8  proper  and  more  confined  sense, 
phy  comprises  a  knowledge  of  the 
and  dimensions  of  the  emti,  and 
uation  of  places  upon  it— of  the 
1  and  political  fieatures  and  divi- 
)f  its  surface— and  of  its  various 
jtions  and  inhabitants.  These  par- 
8  may  be  arranged  under  tnree 

namely,  mathematical,  physical, 
>neral  geography. 

\0t  MMUe-Brun's  Uaircx$»l  GMfisphj. 


Mathbuatical  Gbooraphy  is  that 
branch  of  the  general  science  which  is 
derived  firom  i&  application  of  mathe- 
matical truths  to  the  figure  of  the  earth. 
Of  this  we  shall  treat  first,  because  the 
other  branches  of  geography  owe  to  it 
much  of  their  accuracy  and  perfection. 

The  l\gure  of  the  earth  is  manifestly 
the  first  subject  for  inquiry; — for  the 
principles  by  which  we  may  ascertain 
the  various  truths  that  lie  within  the 
scope  of  mathematical  geography,  are 
altogether  different,  on  the  different 
suppositions  of  the  earth  being  a  flat 
circular  plain,  a  cylinder,  or  a  sphere. 

A  great  variety  of  appearances,  both 
on  the  surface  of  the  earth  and  in  the 
heavens,  (which  will  be  described  pre- 
sently) prove  conclusively,  that  the  earth 
is  a  spherical  or  round  body.  The  pos- 
session of  this  important  truth  enables 
the  geographer,  b)r  the  application  of  the 
known  mathematical  properties  of  the 
sphere,  to  solve  many  interesting  pro- 
blems, the  most  useful  of  which  is  to 
determine  the  relative  situation  of  places 
upon  the  earth's  surface.  For  this  and 
some  other  practical  purposes,  the  earth 
is  taken  to  oe  a  perfect  sphere ;  and 
althou^  this  supposition  be  not  strictly 
true,  it  is  sufficiently  near  the  truth  to 
be  adopted  without  sensible  error  in  the 
investigations  into  which  it  is  commonly 
introduce.  The  nature  and  quantity 
of  its  deviation  from  a  perfectly  sphe- 
rical shape  will  be  for  future  inquiry. 

At  what  particular  period  of  the  world 
the  spherical  figure  of  the  earth  was 
first  discovered,  cannot  now  be  ascer- 
tained. It  is  natural  to  suppose,  that 
the  curiosity  of  mankind  would  early  be 
directed  to  the  shape  of  the  earth  they 
lived  upon.  But  when  first  it  engaged 
their  attention,  it  £ared  with  this  as  with 
all  other  parts  of  what  is  called  natural 
philosophy.  Men  were  led  to  entertain 
the  most  erroneous  notions  of  it,  by 
trusting  too  much  to  ^\xi^^  ^^^^Ax^sks^^. 
Deceived  by  \!h^  ^\8Mi->cCi^ft  ^i^-^^RRs^wai. 
of  the  QaxtYv,  wi^  Cftst^^;ax^i»a%  ^  ^"^^ 
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circumstances  indicative  of  its  figure, 
they  conceived  it  to  be  an  extensive 

glain  meeting  the  heavens  on  every  side, 
uch  was,  for  ages,  the  general  opinion. 
But  there  were  exceptions  to  the  pre- 
vailing ignorance,  which  are  honorable 
testimonies  to  the  value  of  a  more  en- 
larged and  extended  observation  of  na- 
ture. The  Egyptians  and  Chaldeans 
are  especiaUy  entitled  to  this  praise. 
The  philosophers  of  these  nations 
were,  m  all  probability,  led  to  form  a 
correct  opinion  of  the  figure  of  the  earth 
from  then*  great  practical  fomiliarity 
with  the  appearances  of  the  heavenly 
boc^es.  But  whatever  may  have  been 
the  source  from  whence  their  know- 
ledge was  derived,  it  is  manifest  that 
they  were  not  ignorant  of  its  true  shape, 
Bs  it  must  have  formed  an  element  in 
the  calculations  by  which  they  were  en- 
abled to  predict  eclipses  of  the  moon. 
From  ihe  Egyptians  and  Chaldeans, 
who  were  the  fathers  as  well  of  geogra- 
phical as  of  astronomical  science,  the 
Greek  philosophers,  with  all  their  most 
correct  notions  in  natural  philosophy, 
derived  also  their  knowledge  of  the 
earth's  true  shape.  But  (as  Sir  Isaac 
Newton  remarks)  the  Greeks  were  of 
themselves  more  addicted  to  the  study 
of  philology  (or  language)  than  of  na- 
ture :  when  therefore  their  communica- 
tions with  Egypt  bcHjame  less  frequent, 
the  ancient  pnilosophy  gradually  de- 
clined among  them  ;  and  no  longer  re- 
taining the  just  ideas  they  once  pos- 
sessed, they  put  forth  their  own  vision- 
ary speculations  concerning  the  figure 
of  the  earth.  Aristotle,  the  most  cele- 
brated of  the  Greek  philosophers,  did 
not  escape  the  error  of  those  who  allow 
the  suggestions  of  fancy  to  occupy  the 
place  of  a  severe  investigation  into  tacts; 
and  we  find  him  alleging  the  earth  to  be 
of  a  cylindrical  shape,  like  a  common 
drum.  The  remarkable  ingeniousness 
of  the  Greeks  was  ever  impatient  of  the 
restraint  which  scientific  incjuiry  in 
order  to  a  successful  issue  unposes 
upon  the  mind ;  and  it  is  to  be  la- 
mented that  by  reason  of  the  admiration 
in  which  their  writings  were  held,  their 
errors  should  for  so  long  have  retained 
possession  of  the  human  mind,  and  by 
Keeping  down  the  spirit  of  inquiry  re- 
taraed  the  fiill  establishment  of  what  is 
properly  called  experimental  philosophy. 
During  the  greater  part  of  that  portion 
of  the  history  of  Europe,  called  the 
middle  or  dark  ages,  the  earth  wascon- 
oeived  to  be  a  flat  surface  exten^iiB^^  o\i 


every  side  till  it  met  the  heavens.  The 
overthrow  of  this  popular  opinion  was 
rendered  the  more  difficult  by  the  Ro- 
man church  admitting  it  into  the  num- 
ber of  articles  of  faith :  the  tenet  thus 
became  guarded  with  the  sanction  of 
religious  l)elie(  and  by  the  apprehen- 
sion of  incurring  the  serious  charge  of 
heretical  opinions.  It  is  however  re- 
markable, tnat  the  appearance  of  objecti 
at  sea,  which  are  wholly  inconsistent 
with  the  notion  of  the  earth  being  a  plain, 
and  which  lead  most  directly  to  the  con- 
clusion of  its  spherical  shape,  should 
not  have  redeemed  the  Venetiant  and 
Genoese,  who  had  long  been  in  the  habit 
of  making  adventurous  sea  voyages, 
from  the  general  ignorance.  But  not- 
withstanding the  peculiar  advantages 
enjoyed  by  navigators,  it  is  evident  that 
the  Dest  of  those  of  the  age  of  Columbus 
were  not  better  informed  of  the  earth*i 
real  figure.  It  is  related  as  a  matter  d 
history,  that  the  Portuguese  who  had 
arrived  at  the  Moluccas  (situated  in  the 
Pacific  and  to  the  West  of  AmerieaX 
by  saiUng  continually  in  an  eatteri§ 
durection,  were  astonished  by  the  a{f>ear- 
ance  of  Magellan's  party,  who  reached 
the  same  point  by  sailmg  continuallf 
tvest.  We  may  not,  however,  involve 
Columbus  in  this  general  censure ;  to 
him  is  properly  due  the  glory  of  esta- 
blishing the  fact  that  the  earth  is  a 
sphere.  He  was  indeed  eminently  qua- 
hfied  to  give  a  new  direction  to  the  cur- 
rent of  opinion.  In  advance  of  the 
age  he  lived  in  by  the  extent  and  cor- 
rectness of  his  information,  and  being 
at  once  bold  in  enterprise,  enthusiastic 
in  pursuit,  and  fertile  in  expedients,  he 
possessed  all  the  characteristics  of  one 
who  is  destined  to  overthrow  a  great 
and  prevailing  practical  error.  His  per- 
suasion that  the  earth  was  a  sphere, 
furnished  him  with  the  happy  idea  of 
arriving  at  the  East  Indies  by  a  shorter 
course  than  round  the  Cape  of  Good 
Hope,  by  sailing  due  fVest.  He  foiled 
in  his  undertaking,  having  been  misled 
by  the  error  of  the  ancient  geographers. 
Rolemy's  map  was  then  ui  use,  and 
the  East  Indies  are  there  laid  down 
considerably  to  the  west  of  their  true 

Eosition.  The  western  coast  of  India  is 
y  Ptolemy  placed  in  longitude  165** 
east  from  the  isle  of  Ferro,  (one  of  the 
C^anaries  through  which  the  first  meri- 
dian passed,)  whereas  the  true  longitude 
is  about  96^  thus  making  a  difference 
oC  xvo  less  than  67^.    The  reasonipg  of 
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thongh  he  was  disappointed  of  the  im- 
mediate object  of  his  voyage,  he  became 
the  discoverer  of  a  new  world,  and 
eventually  established  his  own  opinion 
of  the  earth's  spherical  shape.  Ma- 
gellaa  was  the  first  navigator  who 
practically  demonstrated  the  romid- 
ness^  of  the  earth ;  following  up  the 
opinions  which  Columbus  among  the 
moderns  had  the  merit  of  originating, 
he  sailed  upon  the  prcject  of  reaching 
the  Moluccas  by  a  westerly  passage; 
but  being  killed  in  the  Philippine  Islands 
by  the  natives,  he  did  not  complete  the 
entire  voyage  round  the  world.  Our 
own  countryman.  Sir  Francis  Drake, 
was  the  first  person  who  in  one  voyage 
circumnavigated  the  globe ;  he  accom- 
plished the  voyage  (undertaken  how- 
ever solely  for  purposes  of  plunder,  and 
marked  by  rapine  and  bloodshed)  in  the 
nmce  of  three  years  ;  and  returned  to 
England  in  15tiO.  After  these  voyages, 
the  spherical  figure  of  the  eartn  was 
generally  admitted  by  the  philosophers 
of  Europe.  A  spirit  of  investigation  soon 
after  arose,  and  furnished  an  abun- 
dance of  satisfactory  proofs,  which, 
though  of  daily  or  frequent  occurrence, 
had  hitherto  been  unobserved  or  un- 
heeded. These  proofs  consist  in  certain 
remarkable  appearances,  either  of  ob- 
jects upon  tne  surface  of  the  earth 
itself,  or  of  the  heavenly  bodies.  They 
are  of  the  following  description : — 

If  a  person  were  situated  upon  an 
open  and  extensive  plain,  he  would  find, 
that  as  he  departed  from  objects,  the 
view  of  which  was  not  hindered  by  any 
imevenness  in  the  plain,  they  would 
gradually  disappear  from  their  huM 
upwards;  in  like  manner,  the  hull  of 
a  ship  proceeding  out  to  sea  IxHsomes  in- 
visible flnt^  and  afterwards  the  masts 
and  rigging.  The  order  in  which  the 
puts  of  these  objects  successively  dis- 
vpptKCt  cannot  be  explained  by  the  mere 
supposition  that  the  distance  between 
ttie  object  and  the  spectator  gradually 
increasing,  tlie  object  l)ecomes  first  in- 
distinct, and  at  last  invisible ;  l)ecause 
with  respect  to  bodies  whose  bulk  is 
the  same  from  the  top  to  the  bottom, 
this  reason  is  applicable  to  all  the 
ptrts  ahke,  and  would  not  account  for 
the  highest  part  of  them  being  always 
the  last  visible;  and  with  respect  to 
bodies,  the  bottom  part  of  wliich  is  the 
lai|:e8t  (as  in  the  case  of  a  ship),  it 
would  not  only  be  insufficient  to  explain 
the  fBi^  but  would  be  directly  contraiy 


to  experience,  by  which  we  are  taught, 
that  where  distance  alone  is  the  cause 
of  a  body  l)ecoming  first  indistinct  and 
then  invisible,  the  larger  and  more 
bulky  parts  of  it  are  seen  the  longest. 
The  only  supposition  which  can  account 
for  the  order  in  which  the  parts  of  an 
object  disappear  is,  that  the  surface  of 
the  earth  is  continually  and  gradually 
bending  or  curving  downwards — in  otlier 
words,  that  it  is  a  convex  surface ;  and 
the  circumstance  that  these  appearances 
are  the  same  lK)th  in  kind  and  degree 
all  over  the  earth,  and  in  whatever  di- 
rection the  spectator  moves  fi'om  the 
object,  or  the  object  fi'om  the  spectator, 
proves  that  this  convex  surface  is  every 
where  and  in  all  directions  precisely  or 
very  nearly  the  same,  and,  consequently, 
that  the  earth  is  a  sphere. 

The  voyages  of  Magellan  and  Drake, 
of  Anson,  Cook,  and  Vancouver,  all  tend 
to  establish  the  same  fact ;  for  by  holding 
a  course  due  west  or  due  east,  these  na- 
vigators have  at  last  arrived  at  the  point 
of  their  departure — thus  they  have  sailed 
upon  a  line  which  in  one  revolution  re- 
turns into  itself,  ending  where  it  began ; 
and,  therefore,  the  surface  on  which  it 
was  described  must  be  a  sphere,  or  re- 
sembling a  sphere:  this  was  further 
confirmed  by  the  voyages  of  Captain 
Cook  towards  the  South  pole,  from 
which  it  appeared  that  the  course  round 
the  earth  gradually  diminished  as  it  ap- 
proached the  pole. 

The  proofs  derived  from  the  appear- 
ances of  heavenly  bodies  are  even  more 
conclusive  than  the  foregoing.  By  tra- 
velling on  the  earth's  surface  from  the 
north  towards  the  south,  a  certain  star 
in  the  heavens,  called  the  pole  star 
(which  is  itself  almost  stationary,)  is 
observed  to  change  its  place  in  the  hea- 
vens relatively  to  tlie  spectator's  horizon, 
and  gradually  to  tleaccnd ;  by  a  move- 
ment of  the  spectator  in  the  opposite 
direction  (from  south  to  north),  the 
height  of  the  same  star  above  the  ho- 
rizon is  obser\'ed  gradually  to  increase ; 
and  in  both  cases  tliis  apparent  change 
of  place  in  the  star  is  in  proportion  to 
the  distance  travellwl  over.  Tliis  change 
being  also  observed  from  whatever  place 
the  movement  is  made  (supposing  it  to 
l)e  in  a  direction  i)erpcndicular  to  the 
equator  or  on  a  meridian  line),  cannot 
be  otherwise  accounted  for  than  by  the 
supposition  that  the  earth  is  a  sphere; 
&nd  that  the  arc  or  circular  space  in  the 
heavens  tiirough  whiclithe  star  appears 
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to  have  moved,  corresponds  with  a  similar 
arc  traced  upon  the  surface  of  the  earth. 

Another  most  convincing  proof  is 
furnished  by  ^e  eclipses  of  the  moon. 
These  eclipses  are  known  to  be  caused 
by  the  earm  coming  between  the  sun  and 
moon,  and  intercepting  or  cutting  off 
the  supply  of  light  from  the  sun  which 
illuminates  the  moon's  surface  or  disk ; 
the  dark  part  of  the  moon's  disk  is,  there- 
fore, nothing  more  than  a  representation 
of  the  earth's  shadow  at  the  distance  of 
the  moon.  In  whatever  position  the 
earth  happens  to  be  at  the  time  of  an 
eclipse,  its  shadow  upon  the  moon's 
disk  is  always  in  the  form  of  a  circle  or 
of  part  of  a  circle :  the  earth  must 
tiierefore  be  a  sphere,  since  no  other 
than  a  spherical  body,  in  every  position 
in  which  it  can  placed  with  respect  to 
another  body  giving  light,  can  cast  a  cir- 
cular shadow  upon  a  third  body.  If, 
however,  the  earth  were  [shaped  like  a 
circular  flat  plain,  its  shadow  upon  the 
moon's  disk  would  be  circular  only  when 
either  of  its  sides  directly  faced  the 
moon :  if  turned  edgeways  towards  the 
moon,  the  shadow  would  be  in  the  form 
of  a  streak,  and  in  all  other  positions  it 
would  be  more  or  less  elliptical,  as  the 
earth  happened  to  be  turned  more  or 
less  obliquely  towards  the  moon  when 
she  is  eclipsed. 

The  supposition  that  the  earth  is  a 
sphere,  accounts  for  all  the  appearances 
we  have  described ;  while,  on  the  other 
hand,  the  various  suppositions  which 
have  from  time  to  time  been  advanced, 
and  which  differ  from  this,  are  totally 
inconsistent  with  one  or  other  of  them. 
Sir  Isaac  Newton,  in  his  "  Principles 
of  Natural  Philosophy,"  has  laid  it 
down  as  a  rule  (and  it  is  a  rule  as 
indisputably  just  as  it  is  important), 
that "  in  experimental  philosophy  we  are 
to  look  upon  propositions  collected  by 
general  induction  from  phenomena,  as 
accurately  or  very  nearly  true,  notwith- 
standing any  contrary  hypothesis  may 
be  imagined,  till  such  time  as  other 
phenomena  occur  by  which  they  may 
either  be  made  more  accurate  or  liable 
to  exceptions ;"  he  adds,  "  this  rule  we 
must  follow,  that  the  argument  of  in- 
duction may  not  be  evaded  by  hypothe- 
ses." Applying  this  rule  to  the  pre- 
sent subject,  we  may  observe  that  the 
objections  urged  against  the  conclusion 
that  the  earth  is  spherical,  however 
plausible,  are  entitled  to  no  weight 
whatever,  unless  they  are  growTvded 
upon  8Qm9  certain  &cts  and  n^Xxxri!^ 


appearances  arising  from  the  figure  of 
the  earth,  either  inconsistent  with  the 
present-received  theory,  or  which  that 
theory  is  insufficient  to  account  for. 

It  IS  hardly  necessary  to  remark,  that 
the  expressions  occasionally  to  be  met 
with  in  the  Bible  with  regard  to  the  figure 
of  the  earth,  and  which  may  appear 
to  contradict  the  foregoing  conclusion, 
have  been  improperly  and  vctv  ignorant^ 
applied  to  this  subject  The  object  a 
the  inspired  writers  who  used  them,  was 
not  to  advance  a  true  system  of  natural 
philosophy,  or  to  correct  the  popular 
errors  of  the  day  in  matters  of  mere 
science,  but  to  illustrate  or  enforce 
some  precept  or  doctrine,  or  to  record 
the  occurrence  of  some  remarkable 
event,  which  could  not  be  done  intelli- 
gibly, but  by  adopting  expressiona  in 
agreement  with  the  opinions  of  the  age. 

The  re-establishment  of  the  old  and 
long  neglected  opinion  of  the  earth's 
spherical  shape,  may  iustly  be  regarded 
as  furnishing  an  epoch  in  the  histoiy  of 
modem  Europe.  When  admitted  mto 
the  number  of  those  truths  which  are 
assumed  and  acted  upon  without  prooC 
it  had  an  immediate  and  practical  effect 
upon  the  common  concerns  of  life.  To 
traverse  boundless  seas  was  no  longer 
matter  for  apprehension:  the  seaman 
was  now  provided  with  a  method  of 
discovering  his  relative  position  upon 
the  globe,  the  course  he  had  already  de- 
scribed, and  the  distance  and  bearing  of 
his  destined  port.  Navigation  thence 
assumed  a  bolder  and  more  systematic 
character ;  an  extensive  commerce  added 
to  the  wealth,  and  stimulated  the  efforts 
of  European  nations;  and  the  more 
general  and  frequent  intercourse  inse- 
parable from  commerce  softened  the 
prgudices  of  men,  and  opened  to  them 
m  distant  climates  and  countries  the 
richest  and  most  varied  stores  of  know- 
ledge. We  should  not  perhaps  be 
justified  in  placing  this  discovery  in  the 
same  rank  with  the  other  great  events 
which  happened  about  this  aera:  the 
invention  and  general  introduction  of 
the  art  of  printing — the  reformation — 
and  the  establishment  of  experimental 
philosophy,  must  stand  alone ;  but  it 
forms  together  with  them  a  class  of  great 
and  brilliant  events,  which  exhibit  the 
human  mind  as  once  more  in  a  state 
of  activity,  and  putting  forth  all  its 
energies  in  the  attainment  of  whatever 
might  most  conduce  to  the  social  and  - 
moic^m'^Yos^vsAiiit.  of  mankind. 


and  p  the  south  pole ;  now  snppoM  & 
plane  to  cut  this  sphere  into  two  equal 
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Cbaptbr  II' 
The  Cirda  of  tike  Sphere— Extent  of 

the    Fuibte   Horizon  — Method  of 

Draiouig  a  Meridian  Line — Cirdee 

of  Potttion—jSmiator— Latitude— 

Firtt  Meridian— Longitude. 
Thb  modes  of  precisely  fixing  the  situa- 
tion of  plsces  upon  the  earth  are  founded 
upon  the  circuTOHtaQcejust  now  proved 
of  its  spherical  form,  and  upon  the  sup- 
position which,  for  the  purposes  to  which 
U  is  applied,  is  not  a  false  one,  that  it  is 
toclosed  in  a  concave  or  hollow  sphere 
of  tiie  heavens,  of  which  it  occupies  the 
middle  spot  or  centre. 

Upon  the  surface  of  the  earth  con- 
adered  aa  a  globe,  various  lines  are 
n^>osed  to  be  dravm  for  the  purooses 
of  geographers,  and  in  order  to  oeter- 
niiie  or  emlain  the  truths  of  their  parts  in  a  direction  perpendicular  to  the 
■eience;  and  as  the  heavens  present  axis,  this  plane  wifi  pass  throu^  the 
to  us  a  concave  sphere,  having  the  centre  O,  and  the  circle  Qab  Qcd, 
•ame  centre  as  the  earth,  there  are  which  is  the  boundary  of  the  cutting 
■Iso  imaginaiy  lines  supposed  to  be  pkne  upon  the  surface  of  the  globe, 
traced  upon  the  ;inner  surface  of  the  will  represent  the  equator,  and  is  every 
heavens,  which  exactly  correspond  with  where  at  an  equal  distance  from  both 
tiiose  traced  upon  the  earth.  Bvthis  poles.  This  circle  and  all  other  circles, 
device  geography  has  become  allied  with     the  planes  of  which  pass  through  the 


Mtrono'my,  and'  has  thence  derived  its 
most  important  improvements.  We  now 
proceed  to  the  description  ofthe  above- 
mentioned  lines  which  are  supposed  t" 


centre  of  the  sphere,  are  called  great 
circles.  All  circles  such  asFapeP 
PbpdP,  which  pass  through l>oth poles 
P,^,  of  the  earth,  and  which  have  tha 


divide  the  earth,  and  which  are  seen  axis  of  the  earth  "Pop  for  a  common 

drawn  upon  the  common  geographical  diameter,  are  called  meridian*,  because 

^obe.  when  the  centre  of  the  sun  is  over  or 

The  earth  has  a  daily  motion  from  upon  that  one  of  these  circles  whicb 

wett  to  eatt,  about  one  of  its  diameters  passes  through  any  place,  it  is  mid-day 

(called  the  earth's  axii),  which  causes  or  noon  at  that  place.    The  plane  of 

aD  the  heavenly  bodies  to  ofTiMr  to  more  every  meridian  cuts  the  plane  of  the 

daily  round  tne  earth  in  an  opposite  equator  at  right  angles,  so  that  the 

direction  from  eatt  to  wesl.    The  two  equator  ^vides  eveiy  meridian  (as  for 

cxtmnities  of  this  axis  are  called  the  instance  PapcP)  into  four  equal  parts; 

jMte  ofthe  earth,  from  a  Greek  word  thusPa  and  ap.andpcandcP  are  equal 

•ici^JVing  a  pivot;    one  is  called  the  to  one  another.andarecalledi^iMiifrant* 

Sorth  pole,  timg  that  which  is  oppo-  or  quarters  of  a  circle.    Meridians  are 

■te  or  neuiy  opposite  to  the  star  in  also  called  circles  of  latitude,  because 

tiie  heavens  callea  the  pole  star ;  the  upon  them  the  latitudes  of  places  are 

otho-  extremi^  of  the  axis  is  called  the  measured.    The  Ecliptic  found  traced 

AmiM  pole ;  the  north   pole    is  also  upon  common  globes  (although  it  is 

known  bv  tiie  name  of  the  arctic  pole,  properly  an  imaeinary  circle  in  the  con- 

from  a  Greek  word  signifying  a  hear,  cave  sphere  of  the  heavens  representing 

Am  'greatbear'  beinglhenameofacon-  the  apparent  path  of  the  sun  in  tha 

■tdation  or  collection  of  stars  in  the  course  of  a  year)  is  a  great  circle  upon 

I  neighbourhood  of  the  pole  the  globeoftheearth.theplaneofwhich 


f,  Bud  commonly  known  as  Charles's 

TTtin : — the  South  pole  has  the  corre- 

■pooding  term  of  the  antarctic  pole,  or 

the  pole  oppotile  to  the  arctic. 

Let  PEp  Q  P  0^.  U  he  a  sphere 

"  "'"i  the  globe  of  the  earth,  O 

POp  the  aids,  P  the  north 


inclined  at  a  certain  angle 
plane  of  the  equator,  and  is  represented 
in  the  figure  oy  the  circle  GcpL^. 
All  circles  upon  the  sphere  which  do 
not  pass  through  its  centre  are  called 
■maf  circles;  those  which  are  parallel 
to  the   equitor,  as  tnrni,  are  called 
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circles  of  longitude  or  parallels  of  laii-* 
tude;  and  as  all  meridians  cut  the 
ec^iiator  at  right  angles,  they  also  cut  all 
circles  of  longitude  at  right  angles,  which 
is  evident  from  these  latter  circles  being 
paraUd  to  the  equator.  Every  circle 
traced  upon  the  earth  is  supposed  to 
have  a  corresponding  circle  traced  upon 
the  concave  or  hollow  spherical  surtace 
of  tiie  heavens.  All  circles,  whether 
great  or  small,  are  divided  into  360  equal 
parts  called  degrees;  every  degree  is 
again  divided  into  60  equal  parts  called 
minutes,  and  every  minute  into  60  se^ 
conds :  these  various  parts  are  distin- 
guished by  certain  signs,  thus  1 5  degrees 
is  written  15°,  32  minutes  is  written  32', 
and  5  seconds  5";  so  that  15°  32'  b'\  sig- 
nifies 15  degrees  together  with  32  mi- 
nutes and  5  seconds.  The  magnitude 
of  degrees  is  of  course  different  in  great 
and  small  circles ;  the  amount  and  va- 
riation of  this  difference  in  the  circles  of 
theslobe,  will  be  explained  afterwards. 
l%e  zenith  of  any  place  on  the 
earth  is  that  point  in  the  concave  sur- 
ha&  of  the  heavens  which  is  immedi- 
ately opposite  to  the  extremity  of  a  line 
drawn  from  that  place  to  the  centre  of 
the  earth,  or  in  the  direction  of  a  plumb 
Une;  it  is  the  point  in  the  heavens 
directly  over  our  heads.  The  nadir 
is  the  corresponding  point  in  the  op- 
posite hemisphere  of  the  heavens. 
Of  all  the  meridian  circles,  that  which 
passes  through  the  zenith  of  a  place 
m  the  heavens,  or  through  the  place 
itself  upon  the  earth,  is  the  meridian 
of  that  place.  The  horizon  of  a  place 
is  tlie  boundary  of  view  at  that  place : 
with  respect  to  the  earth  it  is  called 
the  visible,  sensible,  or  apparent  ho- 
rizon ;  witii  respect  to  the  neavens  it 
is  called  the  rational,  true,  or  astro- 
nomical horizon.  The  visible  horizon 
is  most  accurately  observed  upon  the 
sea  where  it  is  distinct  and  unbroken, 
and  is,  therefore,  sometimes  called 
the  horizon  of  the  sea.  The  extent 
of  the  visible  horizon  may  easily  be 
found  if  the  height  of  the  spectator's 
eye  above  the  surface  of  the  earth 
be  known,  and  also  the  length  of  the 
earth's  radius  or  semi-diameter.  For  if 
(fig,  2.J  B  E  D  F  be  a  great  circle,  C  the 
centre  of  the  earth,  A  E  the  height 
of  the  eye,  E  C  the  semi-diameter  of  the 
earth,  and  A  B  be  drawn  from  A,  just 
touching  the  earth's  surface  at  B,  E  B 
will  be  the  extent  in  one  direction  of  the 
visible  horizon.  If  B  and  C  be  joined, 
B  C  will  be  perpendicular  to  A  B.    The 


length  of  AE  and  E  C  or  AC  and  alio 
of  B  C,  which  is  the  semi-diameter,  being 
known,  the  angle  A  C  B  may  l)e  found  l^ 
a  very  simple  mathematical  process ;  and 
this  angle  bein^  measured  by  the  arc  £  B, 
the  required  distance  is  found.  AB,tfaA 
direct  distance  of  the  horizon  at  B  from 
the  spectator' s  eye  at  A,  may  also  be  found 
in  a  somewhat  similar  manner : — ^if  A  £ 
be  equal  to  5  feet,  and  E  C,  the  semi-dia- 
meter of  the  earth,  be  taken  at  29,949,655 
feet,  the  angle  at  C,  or  the  arc  B  £, 
will  be  foundto  be  equal  to  2'  or  18,188 
feet,  which  is  nearl}r  equal  to  2  miles 
and  532  yards ;  D  B  is  of  course  equal  tq 
twice  B  £,  as  the  spectator  sees  as  far  one 
way  as  another,  therefore  D  B  is  equal  to 
4  miles  1 064  yards.  This,  however,  is 
not  quite  true  in  practice,  as  by  the  rcr 
fracting  power  of  air  and  vapour,  the 
apparent  horizon  is  a  little  more  exten- 
sive. The  rational  horizon  is  in  every 
part  of  it  90^,  or  a  quadrant  distant  from 
the  zenith.  When  a  heavenly  body  first 
appears  above  the  horizon  of  a  place,  it 
is  said  to  rise,  and  to  set  when  it  dis- 
appears or  sinks  below  the  horizon. 
When  a  heavenly  body  is  upon  the  me- 
ridian of  any  place,  it  has  obtained  its 
greatest  height  or  altitude  above  thf 
plane  of  the  horizon  of  that  place. 

The  north  point  of  the  horizon  is 
that  which  is  nearest  to  the  north 
pole  of  the  heavens  or  the  pole  star, 
the  point  180°  distant  from  it  is  the 
south.  Tlic  meridian  line  of  a  place 
passes  through  the  north  and  south 
points.  The  east  point  is  90°  distant 
from  the  north  or  soutli  in  that  portion 
of  the  heavens  where  the  sun,  stars,  &c 
appear  to  rise ;  the  west  is  180°  distant 
from  the  east  point.  Thus  all  the  car- 
dinal  or  principal  points  of  the  compass 
are  determined. 

By  means  of  the  observed  altitudes  of 
heavenly  bodies,  when  at  their  highest 
or  on  the  meridian  of  a  place,  man/ 
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prdttemfl  are  tdved;  it 
u,  therefore,  of  ^preat  importance  to 
ascertain  the  direction  oi  tne  meridian 
line  at  the  place  of  the  observer.  The 
operation  in  its  more  scientific  and 
correct  shape  is  one  of  very  considerable 
nicety ;  bat  the  following  method  will 
determine  it,  if  much  accuracy  be  not 
required.  On  the  15th  of  June,  or  the 
24th  of  December,  plant  a  stick  A  B  in 
a  position  perpendicular  to  the  horizon. 
(^.  S,)  at  an  hour  or  two  before  the 

Fig.  3. 


sun  has  arrived  at  its  ^atest  altitude 
in  the  heavens,  that  is,  be  at  ten  or 
Eleven  o'clock  in  the  morning;  mark 
accurately  the  extremity  C  of  the  shadow 
B  C  cast  by  the  stick ;  then  from  the 
base  B  of  tne  stick  as  a  centre,  and  with 
the  length  of  the  shadow  B  C  as  a  ra< 
dins,  trace  a  circle  G  H  ujpon  the  ground ; 
as  the  sun  gradually  arrives  at  its  great- 
M  altitude,  the  shadow  of  the  stick  will 
beeome  gradually  shorter,  and  will  fall 
within  the  circumference  of  the  circle 
which  has  been  traced.  The  shadow 
win  be  at  its  shortest  B  E,when  the  sun 
is  at  its  greatest  altitude,  or  when  it  is 
on  the  meridian  of  the  place  which  is 
the  moment  of  noon ;  after  this  the  sun 
win  gradually  decline,  the  shadow  of 
the  stick  will  become  longer  and  longer, 
mitil  at  last  it  again  reaches  to  the  cir- 
eumference  of  the  circle  in  the  point  D, 
at  which  time  in  the  afternoon  the  sun 
h  at  the  same  height  in  the  heavens  as 
it  was  when  the  shadow  of  the  stick  was 
of  the  same  length  B  C  before  noon. 
Now  it  80  happens,  that,  on  the  above- 
mentioned  days,  the  altitude  of  the  sun 
mbove  the  horizon,  at  one  hour  or  two 
honra  before  noon,  is  equal  to  its  alti- 
tade  at  the  same  time  after  noon ;  and 
as  the  sun  has  in  these  e<^ual  times 
befim  and  after  noon,  descnbed  equiil 


spaces  in  the  heavens  (supposing  those 
spaces  to  be  measured  from  the  meri- 
dian), the  middle  point  of  the  whole 
space  described  by  the  sun  in  tiie 
sum  of  those  times  will  be  that  point 
in  the  heavens  which  the  sun  occupies 
when  it  is  noon  ;  at  this  time  the  sun  is 
on  the  meridian.  Hence,  ijf  the  arc  C  D 
of  the  traced  circle  be  divided  into  two 
equal  parts  C  F  and  F  D,  and  the  point 
F  of  division  and  the  base  of  the  stick 
be  joined,  the  line  B  F,  joining  these  two 
points,  and  which  will  be  the  direction 
of  the  shadow  of  the  stick  at  noon,  will 
be  the  meridian  line.  The  longest  and 
most  accurate  meridian  line  in  the 
world,  is  that  drawn  by  Cassini  (a  cele- 
brated astronomer  and  mathematician) 
upon  the  pavement  of  the  church  of  St. 
Petronis,  at  Bologna,  in  Italy :  it  is  120 
feet  in  length. 

One  of  tiie  principal  objects  in  mathe- 
matical geography  is  to  ascertain  this 
position  of  any  particular  spot  upon  the 
earth's  surface.  This  term  position  is 
strictiy  a  relative  one — appHed  to  a 
body,  it  has  no  meaning  unless  there  be 
some  other  body  or  mark,  which  is 
fixed,  and  to  which  the  first  body  may 
be  referred.  If,  in  the  midst  of  infinite 
space,  there  existed  but  a  single  body, 
it  could  hardly  be  said  to  have  posi« 
tion,  or  at  any  rate  the  meaning  of  the 
term  as  applied  to  such  a  body  would 

5 ass  our  comprehension.  This  may  be 
lustrated  by  what  is  said  in  some  books 
on  mechanics,  that  motion  could  not 
exist  if  there  were  but  a  single  body  in 
the  universe ;  by  which  is  meant  that 
in  such  a  conmtion  of  things  motion 
could  be  neither  measured  nor  per- 
ceived: it  is  not  intended  by  such 
expressions  to  assert  that  motion 
cannot  exist  independentiy  of  other 
bodies,  because  tne  existence  of  a 
foreign  body  cannot  really  afiect  the 
state  or  condition  of  motion  in  any 
moving  body;  it  only  enables  us  to 
ascertain  the  &ct  of  motion,  and  its 
measure.  In  the  idea  of  position,  there- 
fore, there  is  contained  a  reference  to 
something  which  is  fixed  and  which  is 
independent  of  the  body,  the  position  of 
which  is  required.  The  distance  of  any 
body  firom  this  something  which  is  fixed 
being  known,  and  also  the  direction 
given  in  which  that  distance  is  to  be 
measured,  its  position  may  be  deter- 
mined. 

In  order  to  ascertun  the  situation  of 
any  spot  upon  the  sur£eu:e  of  the  globe, 
it  IS  sufficient  to  fix  upon  two  ^k»1 
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rat  daOf  motiMi  {iha.\mfy  bodiei, 

-    -  -. —     »uig  pofbrmed  eitho' in  a  circle  in  the 

whidi  the  nearest  distance  of  the  spot  heavens  correipondinK  with  the  eanabn- 
i>  to  be  measured ;  these  two  great  cir-  itself,  or  in  circles  which  are  pai^ld  to 
cles  are  called  circles  of  position.  Thus  H.  But  as  there  was  nothing  in  tbs 
)f(see^.4)  the  position  of  the  poyit  apparent  courses  of  heavenly  bodies,  or 
A  upon  the  surface  of  the  sphere  or  in  any  particular  spot  upon  the  earth  to 
regulate  the  choice  of  astronomers  infix* 


Fig.i. 


w 


inguponaflrat  meridian  or  the  otbergieat 
circle  of  position  perpendicular  to  tha 
equator,  and  which  it  represented  in  tha 
preceding  figure  by  the  circle  Yabp, 
the  consequence  hu  been,  that  astrono- 
mers anil  geognq>hers  of  different  ages 
and  countnes  hare  assuraed  di&reot 
circles  for  their  first  meridian,  fivn 
which  they  have  measured  the  arc  A  a 
orBfi. 

The  ancient  geographers  took  for 
their  first  meridian  the  meridian  of 
the  Fortunate  Isles,  a  line  j>aasing,  as 


ae  passu 

gobe  PffipP  be   required— it  may  ^^  T'T.^V^"!?     Ix.^'^ 

idetermin^  if  we  hav2given  in  posi-  "tremity  of  the  habitable  ear*.   Many 

tionlhegreat  circle  (E  B  6  Q,  and  the  of  the  modems  have  employed  the 

great  cbrle  P  a  bp,  the  planes  of  which  "-''■■"  -  ""■"■  "-*  "•^ "«  "i- 


are  popendicular  to  each  other, 
ve  need  only  make  a  great  circle  P  A  B p 
perpendicular  to  the  circle  (E  B  £  Q 
pass  through  A,  and  then  a  smallcircle 
pass  through  A  parallel  to  CE  B  A  Q, 
and  the  distances  of  their  intersection 
fi-om  tlie  given  great  circles,  viz.  the  arc 
A  B  bebg  Ihe  distance  from  CE  B  d  Q, 
and  the  arc  A  a,  or  the  corresponding 
arc  B  A.  beinj^the  distance  from  Pa  bp, 
will  determine  the  exact  position  of  the 
point  A. — In  applving  this  to  the  prac- 


is  evident  that  the  first  otject  .  ._ 
the  position  of  the  two  mat  circles 
(EBftQ  and  P  o  6  ;),  and  then  to  de- 
vise some  mode  for  ascertaining  the 
distances  A  B,  A  a  from  each  of  them. 

The  astronomers  and  geographers  of    ^^^,  'f'*™,  London  may  be  ei 
all  countries  have  concurred  in  fixing 
upon  the  ec/uator  or  equinoctial  line  (as 
it  is  sometimes  called)  for  the  position 
of  the  circle  CE  B  6  Q.   The  equator  has     }"g  *e 
been  already  defined  as  a  great  circle     'ongitudi 
dividing  the  globe  into  two  equal  parts 
or  hemispheres,  and  the  plane  of  it  as 
perpendicular  to  Ihe  axis  of  the  earth. 
The  distance  A  B  measured  upon  the 
meridian  of  A,  which  is  a  great  circle 
perpendicular  to  the  equator,  is  called 


meridian,  or  rather  that  of  the  is 
Ferro,  one  of  the  most  westerly  of  Ihe 
Canaries.  In  general,  however,  nations 
adopt  as  their  first  meridian  the  men- 
dian  of  their  own  metropolis,  or  of 
their  principal  observatory,  ai  tfa* 
English  do  that  either  of  LondM 
or  Greenwich,  the  French  that  of 
Paris.  The  angular  distance  on  the  iic 
A  a  or  B  6  of  any  place  from  the  first 
meridian  is  callol  its  longitude,  and  it 
either  east  or  west  longitude  as  the 
place  is  to  the  east  or  west  of  tlie  tint 
meridian.  The  English  map-makets 
fi^uently  adopt  the  meridian  of  Londcai 
instead  of  that  of  Greenwich  tor  Iht 
first  meridian,  but  as  London  (taloog 
St.  Paul's  as  the  point  reteired  to)  it 
y  4  7"  west  of  Greenwich,  longitudei 
London  may  tie  eaahrrB- 
duced  to  longitudes  reckoned  nan 
Greenwich,  by  adding  to  them  5' 47"  it 
they  are  west  longitudes,  and  subtraet- 
quanlity  if  they  are  eait 


Chapter  III. 

General  Description  of  the  Method  ^ 

finding  Ihe  Latitude  of  a  Place. 
Havin 


;  fixed  upon  the  two  circks  of 

.  -  .     -    --    -.  _     ,.-  by  arefwenee  to  which  thepo* 

place  is  north  or  south  latitude,  as  it  sition  of  a  placeis  to  be  determinetC  it 

IS  situated  tounrds  the  north  or  south  will  now  be  necessary  to  explain  how 

of  the  equator.    It  is  very  evident  that  distances  from  each  of  these    drdes 

astronomers  were  led  lo   fix  upon  the  <being;  the  latitudes  and  longitudei  of 

equator  for  one  of  tlie  great  c\ii;\e5  ol  ^Xace?,')  toi'^  Ite  ascertained.    TTiis  de- 

positioa,  by  the  tircumsUnca  ol  ftie  «^-  v^tiis  Mv\;xt*;j>\'5QR>4«  ivii^QQsftv&thit 
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the  enrdi  is  a  Wfkmkifl  body  ntaated  in 
the  middle  or  centrer  of  the  concave  or 
hollow  sphere  of  the  heavens,  and  that 
every  cime  traced  upon  the  g:lobe  of  the 
earth  has  a  oonesponding  circle  in  the 

We  siian  bigin  with  the  latitude  of 
places. 

Let  A  be  any  place  upon  the  earth^s 
surfiice,  and  suppose  in  the  annexed 
figure  {/g.  5)  that  Apr  9  A  0  is  the  me- 


ridian  of  A  passing  through  p,  the  pole 
of  the  earth,  and  at  right  angles  to  Uie 
equator  (e  q),  the  plane  of  the  paper  is 
the  plane  of  the  meridian,  0  tlie  centre 
•f  the  earth,  pO  its  semi-diameter,  to 
which  fe  qj,  the  equator,  is  at  rkht 
angles,  H  K  the  rational  horizon  ofA. 
Tnen  A  e,  the  arc  or  angular  [distance 
of  A  from  the  equator  measured  upon 
themeridianof  A,  is  the  latitude  of  A. 
Bat  ep,  or  the  distance  of  the  pole  firom 
the  enuator,  is  90°,  or  a  quacbrant,  and 
A  r  the  distance  of  A  from  the  point  r, 
where  the  rational  horizon  meets  the 
fiirfroe  of  the  earth,  is  also  90°,  or  a 
ouadrant  Hence  e  pis  equal  to  A  r ;  if 
merefore  A  p,  which  is  common  to  both 
#pandAr,t)e  taken  awayfrt)m  each, 
me  remaining  quantities  A  e  and  p  r 
win  be  equal ;  and  as  A  e  is  the  lati- 
tude of  A,  it  follows  that  {p  r)  or  the 
height  of  the  pole  above  t/ie  horizon  is 
mjwd  to  the  latitude  of  the  place. 

Again,  Ap  is  the  distance  of  the  pole 
from  A :  ana  as  A  « is  the  latitude  of  A, 
■ndp  0  is  90°,  A p  is  the  difference  be- 
tween 90^  and  the  latitude,  so  that  if  Ap 
be  known,  A  «>,  or  the  latitude,  is  founa, 
by  subtracting  Ap  from  90°.  Ap  is 
called  the  complement  of  the  latitude,  or 
the  eo^kditude. 

Again,  A  A  is  90°,  and,  therefore, 
AebeiDg  the  latitude,  A^  is  the  co- 


latitude,— ^«,  being'  ihe  height  (f  the 
equator  above  the  horizon ;  so  that  if 
A  ^  be  known,  the  latitude  is  found  l^ 
subtracting  A  e  from  90°. 

It  appears,  then,  that  if  we  can 
find  any  one  of  the  above  four  arcs, 
viz.,  Ae,  or,  Ap,  he,  the  latitude  of 
A  wUl  be  known :  and  the  mode  of  de- 
termining these  arcs,  is  by  measuring 
similar  arcs  of  corresponding  circles 
in  the  heavens.  Let  Z  PRQ  H  M  be 
the  circle  in  the  heavens  which  corre- 
sponds with  the  meridian  circle  passing 
through  A.  and  Z,  P,  R,  Q,  H,  M, 
points  in  the  heavens  corresponding 
with  A,  p,  r,  q.  A,  e.  The  attention  of 
the  geographer  is  then  transferred  from 
the  consiaeration  of  the  several  arcs 
A e, pr,  Ap,  he,  to  the  corresponding 
arcs  in  the  circle  in  the  heavens,  ZAa, 
PR,ZP,  HjE  :  for  if  any  of  these  be 
determined  in  their  number  of  degrees 
and  parts  of  decrees,  the  latitude  is 
found  directly.  Thus  it  is,  that  the 
geographer  depends  so  much  upon  the 
science  of  astronomy  for  the  solution 
of  the  most  important  geographical 
problems.  Persons  who  are  in  the 
slightest  dep'ee  acquainted  \rith  geo- 
metry, or  with  the  most  simple  proper- 
ties of  the  circle,  will  not  object  to  the 
above-mentioned  mode  of  determining 
the  latitude  of  places  on  the  earth 
by  means  of  corresponding  arcs  in 
the  heavens,  that  these  corresponding 
arcs  are  of  different  magnitudes;  for 
in  computing  the  latitude,  we  do  not 
so  much  want  the  actual  admeasure- 
ment and  linear  ciuantity  of  the  arc 
of  the  meridian  intercepted  between 
the  given  place  and  the  equator,  as 
the  number  of  degrees  and  parts  of 
a  degree  which  it  contains,  or,  in 
other  words,  the  proportion  which  this 
intercepted  arc  bears  to  the  whole 
circumference  of  the  meridian  circle. 
And  as  arcs  are  the  measures  of  an- 
gles, the  arcs,  Z  M  and  A  «>,  are  both 
measures  of  the  same  angle  at  o ;  and, 
therefore,  although  they  are  unequal  in 
magnitude,  yet  they  mutually  bear  the 
same  proportion  to  the  circumference 
of  the  circles  of  which  they  are  parts ; 
that  is,  Z  M  contains  the  same  number 
of  degrees  as  A  0 :  and  as  the  latitude 
of  a  place  is  always  expressed  in  de- 
grees and  parts  of  degrees,  the  num- 
ber of  d^^rees  contained  in  the  arc  in 
the  heavens,  Z  M,  which  corresponds 
with  the  arc  of  the  meridian  A  e,  will 
be  the  latitude  of  A.  If,  after  having 
ascertain^  the  latitude  in  this  manner. 


to 
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that  i«,  in  degrees  and  parts  of  degrees, 
the  actual  linear  magnitude  contained 
in  the  latitude,  or  the  geographical 
distance  between  A  and  the  equator 
measured  upon  the  meridian,  be  re- 
quired, it  may  be  obtained  thus.  Let 
an  observer  at  A  travel  upon  the  same 
meridian  in  a  direction  oue  north  or 
due  south,  (t.  b,  from  or  towards  the 
equator,)  until  the  pole  star  has,  with 
respect  to  the  observer's  horizon,  been 
raised  or  sunk  one  degree  (which  may 
be  known  from  observation) :  then  as 
the  star  is  itself  stationary,  this  gain  or 
loss  of  one  degree  in  its  station  with 
respect  to  the  horizon,  has  been  caused 
by  the  observer  having  travelled  ex- 
actly one  degree,  measured  upon  a  me- 
ridian of  the  earth,  nearer  or  farther 
from  the  north  pole.  If  this  space  be 
actually  measured,  the  result,  expressed 
in  linear  measure,  will  ^ve  the  magni- 
tude of  a  degree  of  latitude  in  geogra- 
phical mUes  and  parts  of  a  mue ;  the 
quantity  thus  found,  being  multipUed 
into  the  number  of  decrees  and  parts  of 
a  degree,  will  give  ue  actual  linear 
distance  between  A  and  the  equator. 
Hie  process  thus  conducted  is  on  the 
supposition  that  the  earth  is  perfectly 
spherical.  A  degree  of  latitude  mea- 
sured in  this  manner  contains  about 
sixtv-nine  miles. 

How  the  spaces  or  arcs  ZM,  PR, 
Z  P,  H  i£  in  the  heavens  are  to  be 
measured  by  a  spectator  at  the  spot  A 
on  the  surface  of  the  earth,  is  now  to 
be  explained.  This  is  done  by  means 
of  observations  made  by  the  spectator 
at  A,  upon  some  heavenly  body,  with 
an  instrument  adapted  for  the  purpose 
of  measuring  circular  arcs :  bv  thpse 
observations,  which  are  made  when  the 
heavenly  body  is  either  upon  the  meri- 
dian of  the  place  or  not,  the  angular 
distance  of  the  body  from  the  zenith  or 
from  the  horizon  is  ascertained.  Thus 
if  t  be  the  sun  (see  Jig.  5.)  on  the 
meridian,  its  angular  distance  s  Z 
from  the  zenith,  (called  its  zenith  dis- 
tance,) or  its  an^ljir  distance  *  H  from 
the  horizon,  (called  its  altitude,)  is  mea- 
sured, and  ascertained  in  degrees  and 
parts  of  degrees. 

As,  however,  A  is  the  place  at  which 
these  observations  are  made,  the  angle 
Z  A  «  is  all  that  can  be  determined  from 
observation ;  but  this  angle  is  not  the 
measure  of  the  arc  Z  *,  because  A  is  not 
the  centre  of  the  sphere  of  the  heavens ; 
but  the  angle  Z0«  is  the  proper  measure 
0/  this  Aiic,  since,  by  the  8uppo«\ion,i^Q 


meridian  circle  and  the  eoneqyouding 
one  in  the  heavens  have  the  same  cen- 
tre, O ;  and  it  is  a  well  known  truth  in 
geometry,  that  the  angie  Z  A  t  is  greater 
than  the  angle  Z  0 1  by  the  an^  A  80. 
This  conclusion,  expressed  in  common 
language,  may  ther^ore  be  stated  thus : 
that  a  spectator  at  A,  looking  upon  a 
heavenly  body  at  t,  wUl  see  it  lower 
down  in  the  neavens,  namely,  at «',  or 
&rther  removed  from  the  zenith  point 
Z,  than  a  spectator  situated  at  the  cen- 
tre of  the  earth,  who  would,  at  the  same 
instant  of  time,  see  the  same  body  at 
9" ;  the  difference  of  the  appareni 
places  which  the  body,  $,  will  ttius  oc- 
cupy in  the  heavens,  as  seen  from  the 
surface  of  the  earth,  and  as  seen  from 
the  centre,  is  the  angle  ff  s  fP^  which  10 
equal  to  Uie  angle  A  «  0.  This  an^e 
is  formed  by  two  lines  drawn  from 
the  extremities  of  the  earth*s  ra- 
dius, or,  in  geometrical  language,  is 
the  angle  subtended  by  the  earth's  ra- 
dius, at  the  distance  of  the  bodyt. 
This  angle  is  called  the  parallca^  of  a 
heavenly  body,  and  increases  the  zenith 
distance  of  «.  It  is  obvious  that  pa- 
rallax produces  a  contrary  effect  upon 
H  $t  the  altitude  of  «,  and  that  it 
the  zenith  distance  is  incrfoted  by 
the  angle  As  O,  so  the  horizontal 
distance  or  altitude  is  dimivuhtd  by 
the  same  angle.  The  general  t§Ki^ 
therefore^  of  parallax  i*-  to  d^jreu  a 
heavetUy  body.  If,  however,  the  dis- 
tance of  the  body  upon  which  an  ob- 
servation is  made,  be  so  great,  that  it 
would  be  seen  in  exactly  the  same  posi- 
tion in  the  heavens  by  a  spectator  at 
the  surface  of  the  earth,  and  one  at  the 
centre,  it  is  evident  that  tlie  angle  sf  s  tP 
or  A « O  (the  parallax)  would  be  so 
small  as  to  escape  observation,  and 
would,  to  our  senses,  vanish.  This  is  the 
case  with  the  fixed  stars ;  but  with  re- 
spect to  the  sun  and  moon  and  planets, 
whose  distances  are  not  so  great,  the 
parallax  has  an  observable  effect  upon 
their  apparent  positions,  as  they  ai« 
seen  from  different  parts  of  the  earth's 
surface,  or  from  the  earth's  surface  and 
its  centre.  And  this  circumstance 
raises  a  necessity  for  correcting  the 
observed  distances  of  these  heavenly 
bodies  from  the  zenith  or  horizon  of 
a  place,  in  order  to  arrive  at  the  true 
distance,  as  they  would  be  seen  torn 
the  earth's  centre,  and  that  the  respeo-i 


•  ?TOm  «^  QT«ftk  word,  and  that  Rpplied,  n 
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&t  and  H  tmay  be  aeeuratdy 
.  The  parallax  is  oon^ted 
I  in  astfODonucal  tables,  for 
Me  of  making  this  requisite 


CBAPTSa   IV. 

yetfUods  of  Determining  t/ie 
Latitude. 

rins  methods  are  those  which 

e  lor  finding  the  latitude  of 

land:  — 

be  altitudes  of  those   stars 

d  circumpolar  stars),  which 
go  below  the  horizon  of  the 
Uie  latitude  of  which  is  re- 

d. 

^  the  greatest  and  least  alti- 
of  the  sun  above  the  horizon 

e  place  in  the  course  of  the 

the  observed  altitude  or  ze- 
distance  of  a  star  or  other 
jnly  body  when  on  the  meri- 

the  zenith  distances  of  stars, 
1  pass  the  meridian  near  to 
smth  of  the  place, 
various  altitudes  of  a  star, 
Ted  when  it  is  near  to  the 
lian,  and  then  reduced  to  the 
lian  by  computation, 
hod. — By  the  altitudes  of  cir- 
stars* 

e  (yfe^.C.)   that  Z  PRQH 
;  imaginary  circle  in  the  con- 


ce  of  the  heavens  which  cor- 
with  the  meridian  of  the  place 
ie  of  which  we  want  to  find, 
the  centre  o  f  the  earth,  H  R 
al  horizon,  M  Q  the  circle 
ator  ^tended,  to  the  Jiei^reas* 


P  the  north  pole,  and  8  the  circum- 
polar star  on  which  the  observations 
are  to  be  made.  The  little  semicircle 
drawn  through  s  and  $\  parallel.to^the 
equator,  will  represent  the  apparent 
path  of  the  star  in  its  motion  caused  by 
naif  a  daily  revolution  of  the  earth. 
It  is  evident  from  a  mere  inspection  of 
fig.  6,  that  the  star's  greatest  and 
least  altitudes  above  the  horizon  will 
be  when  the  star  is  on  the  meridian ; 
its  greatest  when  it  is  above,  its  least 
when  below  the  pole  P.  Let «  be  ita 
position  in  the  first  case,  and  s'  in  the 
other ;  then  R  «  is  the  star's  greatest 
altitude,  R  ^  its  least  altitude.  By  means 
of  either  of  the  instruments  called  an  as- 
tronomical quadrant,  or  an  astronomi- 
cal circle,  R  $  and  R  tf  may  be  observed 
and  measured,  and  the  number  of  de- 
f^rees  and  parts  of  d^ees  contained  in 
it  be  ascertained,  "nien  as  the  half- 
circle  y«,  which  the  star  has  de- 
scribed in  its  apparent  motion  from  ff 
to  «,  is  parallel  to  the  equator,  (for  tiie 
motion  of  the  earth,  which  is  the  cause 
of  this  apparent  motion  of  the  star,  is 
perpendicular  to  the  axis  of  the  earth, 
60  that  the  path  of  the  star  is  also 
perpendicular  to  the  axis,  and  there- 
fore parallel  with  the  equator;)  and 
as  the  equator  is  every  where  at  tiie 
same  distance,  viz.,  9ir  from  the  pole 
P,  the  half-circle  y«  is  also  every 
where  at  the  same  distance  from  P; 
therefore  P  *'  is  equal  to  P  *. 

Now  R«,  which  is  known  from  obser- 
vation, is  equal  to  PR  4-  P* ;  and  Rr', 
which  is  also  known  from  observation* 
is  equal  to  PR  -  P*',  or  PR  -  P*. 
Adding  these  two  quantities,  R«  and 
R*''  together,  we  have  R*  +  R*',  equal 
to  2  PR;  theretbre  PR,'or  t/ie  height 
of  the  pole  above  the  horizon,  (which 
has  already  been  proved  to  be  equal 
to  the  latitude  of  the  place  Z  i£,)  is 
equal  to  ^  of  R«+  R«',  or  one  half 
the  »um  (tf'  the  greatest  and  least  alti- 
tudes  of  a  circumpolar  star,  which  alti- 
tudes being  known  from  observation, 
the  latitu(£  of  the  place  is  found. 
This  mode  of  finding  the  latitude 
does  not  require  any  correction  to  be 
applied  to  the  observed  altitudes  on 
account  of  parallax,  as  the  body  ob- 
served is  a  &Led  star ;  but  a  correction 
of  these  altitudes  is  required,  in  conse- 
quence of  the  refractiii^  power  of  the 
air  and  vapours  which  surround  the 
earth  and  have  effect  \i\)Q>\v  \!cv<^  ^^'^- 
rent  places  oi  Yvea.N«x]^:^  >qq^\«&^  ^^ti^x^x^ 
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malang  bodies  appear  lower  in  the  hea- 
vens ;  whereas,  a  ray  of  light  passing 
through  the  atmosphere  becomes  re- 
frsicted  and  bent  downwards,  and  the 
body  from  which  the  ray  proceeds, 
appears  above  its  true  place  in  the  hea- 
vens. The  space  through  which  a  body 
is  raised  by  refraction  (and  which  is 
different  for  different  altitudes),  is  given 
in  tables  computed  for  vaiioiis  altitudes ; 
this  correction  must,  of  course,  be  mb- 
tractei  from  the  apparent  obierved  alti- 
tudes. 

2dly.  By  the  greatest  and  least  alti- 
tudes of  the  sun  above  the  horizon  in 
the  course  of  a  year. 

The  path  in  which  the  sun*s  apparent 
yearly  motion  in   the   heavens   takes 
place  (called  the  ecliptic)  is,  at  one  point 
of  it,  about  23°  28'  on  the  north  side  of 
tiie  equator ;  and,  at  the  exactly  oppo- 
site point,  it  is  the  same  number  of  de- 
grees and  minutes  on  the  south  side  of 
me  equator.    These  two  points  of  the 
ecliptic  are  the  fjurthest  off  from  the 
equator,  and  are  exactly  90°  distant 
from  the  two  points  where  the  ecliptic 
and  equator  cut  each  other,  which  are 
called  the  equinoctial  points.    The  sun 
is  in  the  former  point  on  or  about  the 
24  th  of  June,  ana  in  the  latter  on  or 
about  the  24  th  of  December.    To  all 
persons,    therefore,  living  between  the 
north  pole  and  latitude  23°  28',  it  will, 
on  the  24th  day  of  June,  when  it  comes 
on  the  meridian,  be  the  highest  above 
the  horizon,  or  have  its  greatest  altitude, 
compared  with   its    altitude  on  every 
other  day  in  the  year ;  and,  in  like  man- 
ner, it  will,  on  the  24th  of  December, 
have  its  least  meridional  altitude.    Let 
S  {fg,  6.)  be.its  position  in  the  former, 
and  S'  in  the  latter,  of  these  two  cases. 
Then,  as  iE  is  the  point  in  the  equator 
from  which  S  and  S'  are  both  distant 
23°  28',  iE  S  and  ^  S'  are  equal.    The 
altitudes  of  the  sun's  centre  in  both 
positions  are  to  be  observed  with  an  in- 
strument, which  observation,  when  cor- 
rected for  parallax  and  refhiction,  will 
give  H  S  and  H  S',  the  greatest  and  least 
meridional  altitudes  of  the  sun  in  the 
course  of  the  vear.  Now,  H  iE= H  S  — 
m  S,  and  H  it  is  also  =H  S'  +iE  S'  or 
M  S,  and  therefore  2  H  ^=HS+H  S'; 
and  H  M,  the  height  of  the  equator 
above  the  horizon,  or  the  co-latitude  of 
the  place,  is  equal  to  ^  the  sum  of  the 
greatest  and  least  meridional  altitudes  of 
the  sun  in  the  course  of  the  year.    As, 
hoyyever,  it  seldom  happens  in  praviUctt 
thaX  the  sun»  when  it  comes  upon  \b!& 


meridian  «of  the  observer,  is  exaetlv  at 
that  point  of  its  path  where  it  is  luihest 
from  the  equator,  but  has  either  already 
passed  that  point,  or  has  not  yet  quite 
reached  it,  certain  corrections  upon  the 
observed  altitudes  become  necessary,  in 
order  to  allow  for  this  circumstance. 

3dly.  By  the  observed  altitude,  or  the 
observed  zenith  distance  of  a  star  or 
other  heavenly  body,  when  on  the  me- 
ridian. 

This  method  of  finding  the  latitude  is 
that  which  is  generally  employed  for 
common  gjeographical  purposes.  It  is 
the  most  simple  m  practice,  as  depend- 
ing only  upon  one  observation,  and  ii 
also,  on  this  accoimt,  the  most  imme- 
diate in  its  result.  It  is  also  adapted 
for  nautical  purposes,  the  only  dififer- 
ence  between  the  modes  of  conducting 
the  operation  on  land  and  at  sea  being 
in  the  instruments  employed  for  making 
the  observations,  and  also  that,  at  sea, 
the  heavenly  body  selected  for  obsenra- 
tion  is  either  the  sun  or  moon,  because, 
from  the  motion  of  the  vessel,  it  is  diffi- 
cult to  obtain  a  correct  observatioo  of 
the  meridian  altitude  of  any  bodjr  hav- 
ing so  small  an  apparent  magnitude  as 
a  star.  A  few  remarks  will  be  made  in 
a  subsequent  page,  explanatory  of  some 
of  the  peculiarities  of  tne  modes  of  find- 
ing the  latitude  at  sea :  we  shall,  there- 
fore, in  the  present  instance,  confine 
ourselves  to  the  supposition,  that  the  ob- 
server who  is  about  to  adopt  this  method 
of  ascertaining  his  latitude,  is  on  land. 

Suppose  (Jig.  6.)  S  or  S'  to  be  the 
star  or  other  neavenly  body  which  is 
selected,  S  being  a  heavenly  body  above 
the  equator,  S'  being  a  heavenly  body 
below  it ;  the  observation  is  to  be  made 
when  the  body  is  on  the  meridian.  Let 
Z  S  H  represent  a  portion  of  the  men-  t 
dian  in  the  heavens,  and  Me  Q ore- 
present  the  equator:  SH  or  S'H  is 
then  ascertained  from  observation,  if  the 
altitude  be  taken ;  or  S  Z  or  S'  Z,  if  the  i 
zenith  distance  be  taken ;  which  it  is 
more  usual  to  take,  as,  from  the 
inequalities  of  the  earth's  surface,  it  j 
is  difiicult  to  obtain  on  land  a  true 
horizontal  boundary.  These  obser- 
vations must  be  corrected  for  paral- 
lax and  refraction,  if  the  hoSy  be 
either  the  sun  or  moon ;  and  for  re- 
fraction only,  if  it  be  a  fixed  star.  Now, 
the  object  being  to  ascertain  either 
-^  H,  the  height  of  the  equator  alMve 
the  horizon  (which  has  been  already 
shown  to  be  equal  to  the  co-latitude),  or 
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ft  latitude,)  it  is  evident  that 
ce  of  the  observed  heavenly 
lie  equator-^ttiat  is,  S  iE  or 
Imown,  the  eo-latiiude  will 
subtracting  S  JE,  or  adding 
ohaerfed  altitude ;  and  the 
be  found  by  adding  SM'm 
»,  wad  subtracting  S'  M  in 
iccording  as  the  body  ob- 
ove  or  below  the  equator, 
or  S'  M,  which  is  the  dis- 
»venly  body  firom  the  equa- 
9d  upon  a  meridian  in  the 
called  its  declination,  and  is 
k  or  90uth  declination,  ac- 
he body  is  nearer  and  farther 
^th  pole  than  the  equator, 
ation  is  either  computed  by 
ar  by  certain  astronomical 
I,  or  it  is  taken  out  of  astro- 
bles.  The  Nautical  Alma- 
the  declination  of  the  sun  and 
very  day  in  the  year.  From 
ig  explanation  of  this  method, 
ng  general  rule  is  derived 

the  latitude  by  means  of 
Ititudes,  or  zenith  distances 
f  bodies.     If  the  heavenly 

a  north  declination,  add 
tion  to  its  observed  zenith 
}rrected),  or  subtract  it  from 
1  altitude  (corrected),  and  the 
the  first  case,  and  the  co-la- 
e  other,  will  be  obtained.  If 
lave  a  south  declination,  the 
:  will  be  obtained  by  subtract- 
lination  from  the  zenith  dis- 
adding  it  to  the  altitude, 
the  zenith  distances  of  stars 
3  the  meridian  near  to  the 
senith. 

is  method  is  adopted,  the  ob- 
are  generally  made  at  two 
ing  different  latitudes ;  and 
i  of  one  of  the  places  is  sup- 
)e  previously  known.  It  is 
whether  both  places  are  or 
d  upon  the  same  meridian ; 
ist  be  one  which  passes  near 
3f  both  places.  The  observa- 
:enerally  made  at  both  places 
le  day ;  if  they  happen  to  be 
ifferent  days,  various  correc- 
me  requisite,  which  it  is  as 
{sible,  to  avoid. 
Tument  employed  on  this  oc- 
ne  called  a  zenith  sector,  by 
lU  zenith  distances  can  be 
vith  great  exactness.  Let  Z, 
I  be  the  zeniths  of  any  two 
Q  the  equator;  and  suppose 

9titade  of  the  place  whose- 


13 


zenith  is  Z  (that  is,  Z  JE,)  is  known,  the 
object  is  to  find  the  latitude  of  the  place 
of  which  Z' is  the  zenith  (that  is,  Z^M). 
The  zenith  distances  of  the  star  S,  when 
it  comes  on  the  meridians  of  both  places, 
must  be  observed.  These  observations 
will  give  us  Z  S  and  Z'  S.  Then  if  S  is  to 
the  south  of  both  zeniths,  as  in  the 
figure,  or  to  the  north  of  both,  Z'  8  — 
Z  S,  or  the  difference  between  the 
observed  zenith  distances,  will  give 
ZZ';  if  S  be  to  the  north  of  one 
zenith,  and  to  the  south  of  the  other,, 
then  Z  S+ Z'  S,  or  the  sum  of  the  zenith 
distances,  will  give  Z  Z'.  Now  Z  Z'  is 
the  difference  of  the  latitudes  of  the  two 
places,  as  is  evident  by  an  inspection  of 
the  figure;  and  therefore  ZJE  being 
known,  we  get  the  latitude  V  JE  = 
Z  i£  +  Z  Z'.  This  method  was  used  in 
the  trigonometrical  survey  of  England, 
and  gives  the  latitude  with  great  ac- 
curacy. 

5th.  The  remaining  method  is  by 
making  several  successive  observations 
upon  the  same  star  at  several  and  succes- 
sive altitudes  above  the  horizon,  when 
it  is  near  the  observer*s  meridian.  The 
various  altitudes  thus  obtained  are  made 
the  basis  of  a  computation  by  which  the 
star's  actual  meridional  altitude  is  ob- 
tained. This  is  called  reducing  the  ob- 
served altitudes  to  the  meridian.  It  is 
a  process  too  intricate  to  be  introduced 
in  this  place.  '  The  starts  meridional  al- 
titude is  thus  obtained  with  great  exact- 
ness. The  latitude  is  then  very  easily 
ascertained  by  the  application  of  the 
third  method.  This  mode  of  computing 
the  latitude,  by  which  it  may  be  oh- 
tainei  to  withm  \he  tnJC^iQTi  ^\  ^  ^fe- 
cond,  18  that  yiYas^ci  'v^a  «ia^^«A.\$i 
the  fieojcihi  Mte^m^T&an  'm  ^Odbk  >»a^ 
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direction  anjoay  from  a  meridiant  is 
59'  8"  (nearly  one  degree) 

We  have  called  this  59'  8"  Ihe  daily 
CBoerage  amount  of  the  sun*s  yearly  mo- 
tion, because,  during  some  parts  of  the 
year,  it  is  more  than  59'  8'%  and  at  others 
less.  Hence  it  follows,  that  the  inter- 
vals of  time,  which  in  the  course  of  a 
year  elapse  between  the  sun*s  succes- 
sively leaving  and  returning  to  the  same 
meridian,  are  of  different  lengths.  An 
cfparent  solar  day,  therefore,  or  the  time 
between  two  actual  successive  passages 
of  the  sun  over  the  same  meridian,  could 
not  be  adopted  as  a  standard  measure  of 
time,  because  it  is  a  varying,  fluctuating 
quantity ;  and  it  is  essential  to  a  standara 
measure  of  time,  that  it  should  be  a 
fixed  quantity.  This  gives  rise  to  an 
artificial  solar  day,  call^  a  mean  solar 
day ;  the  length  of  which  is  the  mean  or 
average  length  of  all  the  various  cq^pa- 
rent  solar  days  in  the  course  of  a  year ; 
and  the  difference  in  length  between  a 
mean  solar  day  and  the  apparent  solar 
day  for  the  time  being,  is  called  the 
equation  of  time. 

When  time  is  reckoned  with  reference 
to  the  apparent  solar  day,  it  is  called 
apparent  time ;  when  with  reference  to 
the  mean  solar  day,  it  is  called  mean 
time,  A  common  sun-dial  shows  the 
hour  of  apparent  time.  Time-keepers 
or  chronometers,  common  watches  and 
clocks,  are  made  to  show  the  hour  of 
mean  time.  Both  the  apparent  solar 
day,  and  the  mean  solar  day,  are  divided 
into  24  hours ;  and  are,  for  astronomi- 
cal and  scientific  purposes,  reckoned 
firom  noon  to  noon.  The  mean  day  is 
always  of  the  same  length,  and  although 
it  is  longer  than  the  sidereal  day,  yet  the 
quantity  by  which  it  is  greater  (viz.  the 
time  required  for  the  earth  by  its  motion 
on  its  axis  to  move  through  59'  8" 
of  space)  is  always  the  same. 

Hence,  the  uniformity  and  equal  length 
of  mean  days,  and  of  seconds  of  mean 
time,  really  depend  upon,  and  must  at 
last  be  referred  to  the  uniform  and  equal 
motion  of  the  earth  upon  its  axis,  which 
conse(iuently  is  the  standard,  by  refer- 
ence to  which,  the  measure  of  time  af- 
forded by  the  pendulum  beating  seconds 
of  mean  time  is  ascertained,  and  uay 
be  corrected.  It  is  not  uninteresting  to 
observe,  that  to  the  equable  and  invari- 
able motion  of  the  earth  about  its  axis, 
we  are  indebted,  not  only  for  a  standard 
measure  of  time,  but  also  for  all  our 
standard  measures  of  length,  c«Li^m\^, 
and  weight ;  since,  by  Ihe  recenl  ^oX  qI 


Parliament,  before  referred  to»  all  of  them 
are  referred  to  the  length  of  a  pendulum 
beating  seconds  of  mean  time  m  the 
latitude  of  London. 

At  four  times  in  the  year,  and  oak 
four,— -that  is,  on  or  about  the  15t& 
day  of  April,  and  the  1st  of  September; 
and  on  or  about  the  15th  of  Jnoe, 
and  the  24th  of  December, — mean  tinie 
and  apparent  time  agree ;  or,  which  ii 
the  same  thing,  on  these  four  days  the 
sun  is  actualfy  upon  the  meridian  of 
some  particular  place,  and  the  shadov 
of  the  style  of  a  dial  at  that  diace  ii 
upon  the  hour  of  twelve,  at  the  yoj 
moment  that  a  correct  time-keeper,  or 
watch  measming  mean  time,  and  ad- 
justed for  this  particular  place,  showi 
the  hour  of  1 2.  Throughout  the  rest  of 
the  year,  apparent  time  and  mean  tme 
are  different  The  exact  amount  of  this 
difference  is  easily  calculated  for  eveiy 
day:  it  is  called  the  equation  of  time ; 
because,  by  either  adding  it  to,  or  sub- 
tracting it  from,  the  time  of  theap|NU«nt 
solar  (ky,  the  result  will  be,  the  tune  of 
the  mean  solar  day.  The  equatioo  of 
time  is  given  for  every  day  in  me  ynr  in 
the  Nautical  Almanack,  with  directions, 
showing  whether  it  is  to  be  added  to  or 
subtracted  from  the  appcarewt  time,  in 
order  to  get  at  the  mean  time. 


Chapter  VI. 

Various  Methods  of  Finding  the  Lm' 

gitude. 

In  the  application  of  the  above-men- 
tioned pnnciples  for  reckoning  the  time 
of  the  day,  consists  the  simplest  method 
of  finding  the  longitude  of  a  place,  or  its 
situation  in  a  given  parallel  of  latitude 
with  respect  to  the  first  meridian,  tiie 
meridian  of  Greenwich. 

As  in  the  24  hours  into  which  an 
apparent  solar  day  is  divided,  the  tun 
returns  to  a  meridian  which  it  has  left, 
it  may  be  said  to  describe,  in  that  time, 
360  degrees  of  longitude;  which,  divid- 
ing the  whole  360°  by  24,  and  supposini; 
the  motion  to  be  uniform,  is  at  the  rate 
of  15°  of  longitude  for  every  hour  of 
a^arent  time ;  so  that  if  we  find  the 
sun  to  be  upon  the  meridian  of  Green- 
wich, or  it  IS  12  o'clock  apparent  time 
at  Greenwich,  it  will,  in  one  hour  after 
of  apparent  time,  be  15°  to  the  west  of 
Greenwich,  in  2  hours  30°  west,  in  6 
\vswlt%  ^QP,  \w  12  hours  180°,  and  so  on, 
^\.  ^\^Oci  %Rs^m\.  >ca&»&  YDi  ^sv»9a<»BaQL  the 
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win  be  upon  the  meridians  of 
»,  or  it  will  be  apparent  noon,  or 
*dock  at  places  situated  15^  30°, 
and  180°  west  longitude  firom  the 
lian  of  Greenwich ;  while  the  seve- 
sorresponding  hours  of  apparent 
at  Greenwich  will  be  I  o'clock  in 
itemoon,  2  o'clock,  6  o^clock,  and 
dock  at  night,  or  midnight. 
vond  the  180°  west  longitude,  east 
hide  commences.  The  only  difiPer- 
in  the  two  cases  is.  that  places  to 
'est  of  Greenwich  are  said  to  have 

noon    later,   and  their  reckoned 
earlier:    those  to  the  east  have 

noon   earlier    and   consequently 
reckoned  time  later  than  at  Green- 
Hence,  if,  when  it  is  the  hour 
pparent  noon  at  any  place  situ- 
either   to    the    east   or   west    of 
iwich,  the  corresponding  hour  of 
lent  time  at  Greenwich  could  be 
tained,  the  longitude  of  that  place 
t  be  directly  found  by  turning  the 
ence  of  their  times  into  degrees  and 
of  degrees,  reckoning  15°  for  every 
of  apparent  time,  and  for  propor- 
te  parts  of  an  hour  taking  propor- 
te  parts  of  15°. 

t,  as  it  has  been  already  explained, 
ariation  of  the  apparent  solar  day 
rs  apparent  time  ul  adapted  as  a 
lard  to  refer  to  for  the  purpose  of 
tainin^  the  difference  of  longitudes 
e  difference  of  the  apparent  times  at 
lifferent  meridians :  it  is  necessary, 
fore,  to  show  how  the  difference  of 
lean  time  at  two  different  meridians 
be  substituted  in  its  stead.  It  has 
stated  that,  at  four  times  in  the 
the  equation  of  time  is  nothing,  or 
it  some  particular  moment  of  four 
in  the  year  the  hour  of  mean  time 
ly  corresponds  with  the  hour  of 
•ent  time.  Thus,  it  appears,  from 
autical  Almanack,  that  on  the  24  th 
icember  of  the  present  year,  at  the 
of  apparent  noon,  when  \he  sun 
t)e  on  the  meridian  of  Greenwich, 
pparent  time  will  be  in  advance  of 
nean  time  at  Greenwich  by  20".3, 
is,  when  it  is  12  o'clock  in  the  day, 
iie  sun,  it  will  want  20'.3  to  12 
^  by  the  watch ;  so  that  it  will  be 
necessary  to  subtract  20''.3  from 
pparent  ume  deduced  from  obser- 
1  in  order  to  ascertain  the  corre- 
ling  mean  time  at  Greenwich  for 
lay.  But  on  the  25th  of  December, 
;  the  hour  of  apparent  noon  at 
iwich  on  the  following  day,  the 
•ent  time  will  be  behind  Xlie  mean 


time  by  9".8,  which  quantity  therefore 
must  then  be  added  to  the  apparent  time 
to  get  at  the  mean ;  and  the  watch  will  be 
9".8  past  12,  when  it  is  noon  by  the  sun. 
Hence,  as  in  the  space  between  these 
two  successive  passages  of  the  sun  over 
the  meridian  of  Greenwich,  the  equation 
of  time,  or  the  difference  between  appa- 
rent and  mean  time,  has,  from  bemg 
subtractive,  become  additive,  it  has,  at 
some  moment  of  that  interval,  be<m  0, 
or  has  passed  through  0 ;  or,  in  other 
words,  the  mean  time    at  Greenwich 
having  overtaken  the  apparent  time  at 
that  place,  the  hour  or  apparent  time 
and  that  of  mean  time  will,  for  some  one 
moment,  between  the  two  successive 
noons,  be  the  same.     Now,    as  the 
difference  between  mean  and  apparent 
time,  or  the  equation  of  time,  depends 
upon  the  variable  vdocity  of  the  sun 
in  his  apparent  annual  motion  in  the 
ecliptic,  and  upon  the  obliquity  of  the 
ecliptic  or  the  angle  it  makes  with  the 
equator ;  these  circumstances  being  in- 
dependent of  place,  the  equation  of  time 
is  for  all  parts  of  the  earth  the  same 
that  it  is  at  Greenwich  at  any  given 
moment.    Hence,  as  at  some  particular 
moment  between  the  noons  at  Green- 
wich of  the  24th  and  25th  of  December, 
the  equation  of  time  is  nothing,  at  that 
moment  it  is  also  nothing  at  every  other 
place  upon  the  globe,  or  the  apparent 
and  mean  times  are  then  every  where 
exactly  the  same.    But  we  have  already 

g roved  that  the  longitude  might  always 
e  determined  by  turning  tlie  difference 
of  the  apparent  times  at  Greenwich  and 
any  other  place  into  degrees  at  the  rate 
of  15°  to  every  hour  of  apparent  time. 
At  the  particular  moment,  however, 
when  the  equation  of  time  is  0,  the  dif . 
ference  of  the  apparent  times  is  the  same 
with  the  difference  of  the  mean  times  at 
Greenwich  and  every  other  place  upon  a 
different  meridian.  Hence,  at  this  mo- 
ment the  longitudes  of  all  places  may  in 
like  manner  be  determined  by  turning  tlie 
difference  of  misan  times  at  Greenwich 
and  at  all  other  places  into  degrees  at 
the  same  rate  of  15°  for  every  hour  of 
mean  time.  But  what  is  true  of  mean 
time  and  of  the  difference  of  mean  times 
at  one  particular  moment,  is  true  al- 
ways, because  mean  time  is  not  variable ; 
so  that  the  difference  of  mean  times  at 
Greenwich  and  all  other  places  will 
always  give  Uie  longitudes  of  places ; 
and  therefore  by  knowing  on  axv^  d».^  vcw 
the  year  the  meaxi  >Axnft  ^\.  Qkt^^cwyOc^, 
and  also  \he  coTt^s'^\v^MN^TBR»xv>j«Bfc  ^ 
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mny  other  place,  the  longitude  of  that 

Slace  wUl  DC  found  by  converting  the 
ifference  of  their  reckoned  mean  times 
into  degrees,  at  the  rate  of  15*^  for  every 
hour  of  mean  time ;  it  will  be  east  lon- 
gitude if  the  time  at  the  place  in  question 
be  later  than  the  time  at  Greenwich,  and 
west  longitude  if  it  be  earlier. 

All,  therefore,  that  is  required  is  to 
ascertain,  1st,  tiie  hour  of  mean  time 
at  the  place,  the  longitude  of  which 
we  wish  to  know;  2dly,  the  corre- 
sponding hour  of  mean  time  at  Green- 
widi.  Now  the  hour  of  mean  time 
at  any  place  may  always  be  obtained 
by  means  of  the  corresponding  appa- 
rent time,  by  adding  to  or  subtract- 
ing from  it  the  equation  of  time  for 
the  moment,  which  is  given  (or  may 
be  computed  from  what  is  given)  in 
ihe  Nautical  Almanack.  The  hour  of 
apparent  time  may  always  be  found 
by  means  of  an  observed  altitude  of  the 
sun,  or,  if  the  place  be  on  land,  by  means 
of  a  sim-dial.  The  corresponding  mean 
time  at  Greenwich  may  then  be  ascer- 
tained by  a  chronometer  or  time-keeper, 
adjusted  and  regulated  so  as  to  show 
Greenwich  mean  time.  If,  therefore,  a 
time-piece  could  be  made  so  perfect  as 
always  to  show  the  mean  time  at  Green- 
wich without  error ;  or  if  its  error  in 
^ing  were  always  the  same,  that  is,  if 
it  gained  or  lost  the  same  quantity  every 
day,  the  longitude  of  places  might  be 
correctly  found  by  such  a  chronometer. 
This  desirable  object.has  not  hitherto 
been  attained :  the  most  ingenious  and 
accomplished  mechanics,  although 
prompted  by  the  liberal  rewards  held 
out  by  the  legislature  to  encourage  their 
exertions,  have  failed  of  complete  suc- 
cess. Time-pieces  have,  however,  been 
made,  which  from  their  near  approach 
to  an  equable  rate  of  going,  might  ap- 
pear to  justify  even  sanguine  hopes  that 
at  some  period  or  otlier  a  perfect  ma- 
chine may  be  constructed;  but  it  is 
highlv  improbable  that  these  hopes  will 
ever  be  realized.  The  imperfection  of 
the  human  mind  seems  to  oppose  even 
amoral  obstacle  to  the  attainment  of 
absolute  perfection  in  any  of  its  i»'oduc- 
tions.  In  other  works  of  art  an  ap. 
parent  perfection  may  be  obtained,  be- 
cause their  defects  are  not  visible  to  our 
senses,  and  we  have  no  other  means  of 
ascertaining  their  existence;  but  in  a 
machine  which  is  to  measure  time,  the 
smallest  errors  accumulate  so  as  to  be- 
come at  last  apparent,  and  in  tlie  daily 

equable  motion  of  the  earlh  ou  Yver  wds» 


nature  herself  affords  a  perfect  measure 
of  time,  by  a  comparison  with  which  the 
errors  and  defects  of  the  measure  con- 
structed by  human  art  cannot  in  the 
long  run  escape  detection. 

At  sea,  where  other  methods  cannot 
be  resorted  to  with  facility,  chronome- 
ters are  generallv  used  for  fincting  the 
longitude;  hvX  the  mere  circumstance 
that  the  best  chronometer  is  liable  to 
error,  and  to  error  which  may  escape 
notice,  makes,  it  dangerous  to  trust  to 
the  chronometer  alone ;  nor  ought  it  to 
be  relied  on  but  under  circumstanees 
excluding  the  adoption  of  some  of  the 
other  methods  of  finding  the  longitn  to. 

These  methods,  therefore,  jEolm  the 
next  sulject  of  consideration. 

There  are  various  appearances  from 
time  to  time  taking  ]^ace  among  the 
heavenly  bodies,  that  afford  the  means 
of  finding  the  longitude  neaily.  These 
appearances  are  the  foUowms::  1st, 
Kdipses  of  the  moon ;  2d,  Bchpses  of 
Jupter*s  satellites  or  moons ;  3d,  Oc- 
cultations  or  concealments  of  fixed  stars, 
bv  the  moon*s  passing  over  them ;  4th, 
ikdipses  of  the  sun ;  5th,  The  passage 
of  the  moon  over  the  meridian  of  me 
place  the  longitude  of  which  is  required ; 
6th,  The  same  passage  compared  with 
that  of  one  or  more  [stars  immediately 
preceding  or  following  the  moon,  and 
having  nearly  the  same  declination ; 
7th,  The  distance  of  the  moon  from 
particular  fixed  stars  or  from  the  sun. 
There  is  also  another  method,  of  hmiteJ 
application,  by  means  of  artificial  ap- 
pearances upon  the  earth,  as  explosions 
of  gunpowder  made  at  one  place  and 
seen  at  another,  the  longitude  of  whkh 
is  required. 

The  first  and  second  and  the  last  of 
these  appearances  are  observed  at  all 
places  where  they  happen  to  be  visible  at 
the  same  instant  oi absolute  time.  The  dif- 
ference, therefore,  in  the  reckoned  times, 
either  mean  or  apparent,  at  two  places 
where  they  are  visible,  is  owing  to  the 
difference  of  their  longitude,  llie  time 
at  Greenwich  of  eclipses  of  the  moon 
and  of  Jupiter's  satellites  is  previ- 
ously computed  and  set  down  m  tlic 
Nautical  Almanack,  and  the  corre- 
sponding time  at  the  place  whose  longi- 
tude is  wanted,  being  obtained  at  the 
moment  of  these  appearances  happen- 
ing, the  difference  turned  into  decrees  in 
the  usual  way  is  the  longitu&.  By 
means  of  explosions  of  gunpowder  or 
other  signals  made  on  the  earth,  the 
CaiSec^\i^  ol  Voft  Vo^^tudes  of  any  tvo 
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places  not  hr  distant  from  each  other 
may  be  determined  with  veiy  great  ex^ 
actness;  the  mean  time  for  each  place 
maybe  known  byaeparate  ohronome* 
ters  previously  aqjusted  and  regulated 
for  the  purpose;  the  difference  of  the 
times  at  the  moment  of  the  explosion  or 
other  signal,  which  is  made  at  one  place 
and  seen  instantaneously  at  the  other, 
converted  into  d^rees.  will  give  the  dif- 
ference of  lon^tudes.  This  method  has  of 
late  become  &e  more  interesting  from  its 
having  been  adopted,  in  the  course  of  the 
operations  now  m  progress  on  the  con- 
tinent for  measuring  an  arc  of  a  paraUel 
of  latitude,  as  the  best  means  of  deter- 
mining the  longitude  of  the  extremities 
of  tlie  arc.    The  space  between  the  two 
extremities  of  this  arc  was  divided  into 
a  great  number  of  smaller  arcs,  all  of 
such  a  length,  that  one  of  the  extre- 
mities of  each  smaller  arc  might  be 
made  visible  to  an  observer  at  the  other 
extremity^.    At  each  point  of  division  of 
the  principal  arc,  were  fixed  staticws,  at 
which  the  requisite  instantaneous  sig- 
nals were  made  and  observed.     The 
difference  of  times  when  these  signals 
were  made  at  one  station  and  observed 
at  another,  gave  the  difference  of  longi- 
tudes of  the  extreme  points  of  every 
smaller  arc ;  and  the  sum  of  all  the 
differences  gave  the  difference  of  lon^- 
tudes  of  the  extremities  of  the  prm- 
cipal  arc.     It    is    scarcely  necessary 
to  remark,  that  any  thing  answering 
tlie  purpose  of  an  instantaneous    sig- 
nal,   may   be    used  instead    of    ex- 
plosions of  gunpowder — such  as   the 
discharge  of  a  rocket,  or  the  sudden 
display  or  extinction  of  a  lamp :   a  con- 
trivance called  a  Heliostat  (which  is 
from  two  Greek  words,  and  signifies  any 
thing  the  position  of  which  nas  some 
reference  to  the  sun)  has  been  employed 
on  the  continent :  it  has  a  strongly  re- 
Aeeting  siurface,  and  is  placed  in  such  a 
manner  that  the  rays  of  the  sun  are 
reflected  by  it  towards  the  desired  point 
of  observation;   the  reflection  is  then 
niade  to  disappear  suddenly  bv  inter- 
posing a  screen  between  the  Heliostat 
and  the  distant  spectator,  and  thus  con- 
Yeys  an  instantaneous  signal. 

The  third  and  fourth  methods,  by 
occultations  of  fixed  stars  by  the  moon, 
and  by  eclipses  of  the  sun,  likewise  de- 
pend upon  the  difference  of  the  times  at 
which  these  appearances  take  place  at 
Greenwich  (and  which  times  are  com- 
puted l^  means  of  tables) ;  and  of  the* 
times  at  which  they  are  actually  observed 


to  take  place  at  the  spot  the  longitude 
of  which  is  required ;  but  with  tliis  qua* 
lification,  that  as  these  appearances  are 
not  observed  at  all  places  at  the  same 
point  of  absolute  time,  the  difference  in 
the  absolute  times  of  their  happening 
must  be  allowed  for :  thus,  if  at  Green, 
wich  the  occultation  of  a  certain  fixed 
star  by    the   moon,     happen   at    six 
o*clock  in  the  morning ;   and  at  some 
other  place  to  tlie  west  of  Greenwich  it 
be  observed  to  happen  at  midnight,  thus 
making  a  difference  of   six  hours  in 
the  redkoned  times  of  the  appearance, 
it  will  not  follow  that  this  is  all  due  to 
the  longitude,  and  that  the  place  in  ques- 
tion is  90°  west  longitude,  for  the  occul- 
tation does  not  happen  at  both  places  at 
the  same  moment  of  absolute  time ;  but 
tlie  star  is  seen  at  the  place  in  question 
for  some  time  after  it  is  nidden  at  Green- 
wich.   This  time,  which  being  caused 
by  parallax  may  be  computed,  must  be 
added  to  the  Greenwich  tune,  computed 
from  the  tables ;  and  then  the  difference 
between  the  resulting  time  at  Green- 
wich, and  the  time  at  the  place  at  the 
moment  of  the  occultation  there^  will 
give  the  true  diffierence  of  corresponding 
reckoned  times  between  that  place  and 
Greenwich;    and  from  this  difference 
the  longitude  mav  be  deduced.    The 
difference  in  the  absolute  tune  of  these 
appearances    occurring     at     different 
places,  is  owing  to  the  sun  and  fixed 
stars  shining  by  a  light  of  their  own, 
and  to  the  moon*s  parallax. 

The  fifth  method  is  by  means  of  the 
moon*s  passage  over  the  meridian. 

If  the  sun  and  moon  be  upon  the 
meridian  of  Greenwich  together,  on  any 
particular  day,  on  the  following  day 
when  the  sun  is  again  on  that  meridian, 
the  moon  will  be  considerablv  to  the 
east  of  it ;  [and  some  time  will  conse- 

auently  elapse  before  the  moon  reaches 
le  meridian  of  Greenwich  after  tlie  sim 
has  left  it  This  easterly  separation 
ei  the  moon  from  the  sun  after  they 
have  been  together,  is  caused  by  the 
moon*s  quicker  motion  in  her  orbit  or 
course  round  the  earth ;  and  the  time 
which  elapses  between  the  passage  of 
the  sun  over  the  meridian  of  Greenwich, 
and  that  of  the  moon,  is  called  the 
moon*s  retardation.  The  moon^s  mo- 
tion in  her  orbit  continuing,  the  distance 
between  the  sun  and  moon  continually 
and  gradually  increases ;  so  that  if  the 
moon*s  retardation  be  of  a  certain 
amount  at  the  time  ol  ^  ^^ji^^  ^^ 
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ftt  a  place  to  the  west  of  Greenwich 
will  be  of  a  greater  amount,  m  ffro- 
portion  to  the  time  that  is  required 
tobring  the  moon  from  the  meridian 
of  Gceenwioh,  to  the  meridian  of  the 
place  to  the  west  of  Gh^enwieh.  Hence, 
as  the  increase  of  the  moon*s  retarda- 
tion is  for  24  hours  proportional  to  the 
times  in^^iich  it  is  produced,  by  know- 
ing the  retardation  at  two  diffisrent  me- 
ri£ans,  and  the  time  during  which  the 
retardation  at  one  of  tiie  meridians  has 
been  produced,  the  time  during  which 
the  greater  retardation  at  the  other  meri- 
dian has  been  produced,  may  be  found  by 
tiie  rule  of  tluee.  Thus,  suppose  that  the 
sun  and  moon  having  b^n  upon  the  meri- 
dian of  Greenwich  together  on  one  day, 
the  retardation  of  the  moon  at  Green- 
wieh  on  the  following  day,  or  in  24 
homrs,  is  52' ;  that  at  a  place  to  the 
west  of  Gk«enwich  the  retardation 
of  the  moon  iu  observed  to  be  57^  or 
5'  more  than  it  was  at  Greenwich; 
then  we  shall  have  this  proportion ;  as 
52^:  57/ ::  24 hours :  24  hours  +  the  ad- 
ditional time  necessary  to  produce  the 
additional  retardation  of  5'.  This  addi- 
tional time  is  due  to  and  expresses  the 
diffiarence  of  the  longitudes,  and  24 
hours  correspond  with  360^  of  longitude. 
Hence,  52^  of  time  :  57^  of  tune  : :  360°: 
360°  +  difference  of  the  longitudes; 
and  as  in  this  case  we  have  tcucen  the 
meridian  of  Greenwich,  the  longitude  of 
which  is  0,  we  shall  have  52'  of  time : 
57'  of  time  :  :  360°  :  360  +  lonntude  of 
the  place ;  or  the  longitude  of  the  place 

is  equal  to  360  x  -^^  of  time,  and  ex- 
pressing the  time  in  parts  of  degrees  at 
the  rate  of  15°  to  an  hour,  the  longi- 
tude is  obtained.  Hence  generally  me 
longitude  of  a  place  is  equal  to  360°, 
mmtiplied  by  the  difference  between  the 
retardation  of  Greenwich  and  the  retar- 
dation of  the  place  the  longitude  of 
which  is  required,  divided  b^  the  in- 
crease of  the  retardation  at  6reenwidi 
in  the  24  hours  preceding  the  time  of 
observation.  The  increase  of  retarda« 
tion  at  the  place  the  longitude  of  which 
is  required,  is  known  from  observation. 
The  mcrease  of  retardation  at  Green- 
wich, for  the  24  hours  preceding,  may 
be  found  by  means  of  the  Nautical 
Almanack. 

The  principle  of  this  method  is  appli- 
cable to  the  nxcd  stars  as  well  as  to  the 
sun ;  the  only  diiference  being,  that  the 
moon*s  retardation  is  greater  with  re- 
apect  to  the  fixed  stars,  as  they  have 


none  of  the  daily  easterly  motion' wfaidi 
tiie  sun  has  in  its  apparent  yeaify  patii 
in  the  heavens.  The  application  of  this 
principle  to  the  fixed  stars  for  finding 
me  difference  of  the  longitudes  of  two 
places,  was  first  successfiiUy  made  by 
M.  Nicolai,  a  distinguished  astronomer, 
at  Manheim,  and  is  now  very  ffeneraDy 
practised  on  the  continent.  Har.  Fran- 
cis Baity,  in  his  valuable  paper  on  this 
subnect,  lately  published  in  the  Menunra 
of  the  Astronomical  Society  of  London 
(vol.  ii.).  observes,  '*  That  already  at  se- 
veral observatories,  the  obseryera  have 
been  enabled  to  determine  their  diifer* 
ence  of  meridians  in  a  few  montiia  with 
as  mudi  accuracy  as  thcnr  formerly  eoold 
in  as  many  years.'*  The  improveraent 
introduced  by  M.  Nicolai  consiste  in  the 
choice  of  those  stars  which  have  yeiy 
nearly  the  same  declination  or  distanoa 
firom  the  equator  as  the  moon,  andidiidi 
pass  the  meridian  very  soon  after,  or  a 
utile  before  the  moon.  The  adrmi^a^ 
of  the  method  are  to  be  found  in  %nndmg 
a  great  number  of  errors  and  trouble* 
some  calculations,  which  in  pnctioe 
were  foimd  to  detract  from  the  yaloe  of 
othor  methods,  and  in  the  firequency 
witii  which  observations  may  be  made, 
bemg  every  night  that  the  moon  is  vi- 
sible. It  was  employed  with  very  great 
success  by  Lieutenant  Foster  on  Captain 
Parry*s,last  voyrage  but  one,i  in  oeter- 
mining  the  longitude  of  Port  Bowen  in 
Prince  Regent's  Inlet.  His  observa- 
tions have  been  calculated  and  com- 
pared with  those  made  at  the  observa- 
tories of  Greenwich  and  Dublin,  and 
by  the  late  Colonel  Beaufov  at  Bushey 
Heath ;  and  the  results,  which  will  ap- 
pear in  a  volume  of  the  Astronomical 
Society's  Memoirs,  show,  as  tar  as  one 
example  can  do  so,  the  great  value  of 
this  method  of  determining  the  kmg^ 
tude  on  land. 

None  of  the  previous  methods,  how* 
ever,  (except  that  which  consists  in  the 
use  of  chonometers,)  are  adapted  to 
the  situation  of  a  person  on  board  a 
ship.  The  late  Astronomer  Royad,  Dr. 
Maskelyne,  in  his  Preface  to  the  Abv- 
tical  Aimanacki  observes,  **  It  was 
hoped  that  some  means  might  be  found 
of  using  proper  telescopes  on  shipboard 
to  observe  these  ecUuses  [the  eclipses 
of  Jm)iter's  Satellitesj  :  and  could  this 
be  e^cted,  it  would  be  of  ereat  service 
in  ascertaining  the  longitude  of  a  ship 
from  time  to  time.  In  my  voyage  to 
Ba]'badoes,  under  the  directions  ^  the 
Commissiotiers  of  Longitude^  in  1763, 
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I  made  a  full  trial  of  the  Me  Mr,  Ir- 
win's marine  chair  proposed  for  the 
purpose,  but  could  not  derive  any  ad- 
vantage from  the  use  of  it ;  and  consi- 
dering the  great  power  requisite  in  a 
telescope  for  makmg  these  observations 
well,  and  the  violence  as  well  as  irre- 
gularities of  the  motion  of  a  ship,  I  am 
afraid  the  complete  management  of  a 
telescope  on  shipboard  will  always  re- 
main among  the  desiderata." 

The  longitude  may,  however,  be 
found  at  sea,  when  the  moon  is  visible, 
by  the  observed  distance  of  the  moon 
either  from  the  sun  or  from  nine  of  the 

?rincipal  fixed  stars  mentioned  in  the 
iauttcal  Almanack,  This  distance  is 
observed  by  means  of  a  Hadley*s  Sex- 
tant. In  consequence  of  the  moon's 
quick  motion  in  ner  orbit  she  is  every 
moment  changing  her  situation  in  the 
heavens  with  respect  to  the  sun  and 
stars.  Her  distance,  therefore,  from  the 
sun,  or  a  particular  star,  is  at  one  mo- 
ment of  time  different  from  what  it  was 
at  the  previous  moment,  and  what  it 
win  be  at  the  next ;  so  that  a  particu- 
lar or  given  distance  is  proper  or  due 
to  a  given  moment,  which  moment  will 
be  expressed  or  reckoned  differently  at 
different  meridians,  according  to  the 
apparent  time  of  day.  Thb  difference 
in  the  apparent  times,  bein^  therefore 
due  to  the  difference  of  meridians  will, 
converted  into  degrees,"  give  the  longi* 
tude.  The  distance  of  Uie  moon  irom 
the  sun,  and  from  nine  principal  fixed 
stars,  is  given  in  the  Nautical  Alma- 
nack, for  every  three  hours  of  Green- 
wich time.  Tnis  distance  is  such  as  it 
would  appear  at  the  centre  of  the 
earth ;  allowance  having  been  made  in 
computing  the  distance  given  in  the 
Almanack  as  well  for  pandlax  as  for 
refraction.  The  observed  distance  at 
the  place  the  lon^tude  of  which  is  re- 
quired, is  in  a  similar  manner  to  be 
Kduced  to  the  centre  of  the  earth  by 
correcting  for  the  moon*s  and  sun's 
parallax,  and  for  refraction.  The 
apparent  time,  at  the  place  and  mo- 
ment of  observation,  is  obtained  in 
the  usual  manner,  by  taking  the  con- 
temporary altitude  of  the  sun  or  star. 
The  difBnrence  between  this  ajmarent 
time  and  the  apparent  time  at  Green- 
wich, given  in  the  tables  as  correspond- 
ing to  the  same  distance,  converted 
into  degrees,  will  be  the  longitude  of 
the  ship.  This  method  of  findine  the 
longitude  is  called  the  lunar  method ; 
it  will  ^enJly  give  the  lon^tude  tQ 


21 

within  twenty  miley,  fireqiiently  mtich 
nearer;  it  was  brought  into  general 
use  by  the  exertions  of  Dr.  Maskelyne, 
who,  on  his  voyage  to  St.  Hdena,  in 
the  year  1781,  employed  it  with  great 
success. 

llie  latitude  and  longitude  of  a  place 
having  thus  been  ascertained,  the  exact 
position  of  that  place  on  the  sur&ce  of 
the  globe  is  determined. 

Chapter  VII.  ^ 

To  find  the  Direct  Distance  Between 
any  two  Places— Decrease  of  Degrees 
of  Longitude, 

Knowing  the  latitude  and  longitude 
of  two  different  places,  the  shoitest  dis- 
tance between  mem,  measured  on  the 
surface  of  the  globe,  may  be  found.  Let 
A  and  B  (ftg.  8.)  be  two  places  upoa 

Fig.  8. 


the  earth's  surface,  E  a  Q  the  equator, 
P  the  pole,  A  a  the  latitude  of  A,  BQ 
that  of  B  ;  a  Q,  which  is  the  difference 
of  their  longitudes,  is  known,  as  the 
longitudes  of  both  places  are  supposed 
to  be  known  ;  then  A  B,  being  tne  arc 
of  a  great  circle  passing  through  A  and 
B,  is  the  shortest  distance,  and  may  be 
found  as  a  side  of  the  spherical  triangle 
A  B^  by  spherical  trigonometry.  With 
a  trifling  inaccuracy,  the  distance,  A  B, 
may  idso  be  determined  mechanically,  by 
means  of  a  common  terrestrial  ^lobe  and 
a  pair  of  compasses.  The  opemng  of  the 
compasses  given  by  applying  the  extre- 
mis of  either  leg  to  each  place  on  the 
globe,  indll  be  the  measure  of  that  arc  of 
a  great  circle  which  lies  between  the 
two  places.  The  number  of  degrees 
contained  in  this  arc  may  then  be  as* 
certdned  by  applying  the  compasses, 
thus  open,  to  any  graduated  great  circle 
on  the  globe,  or  one  which  has  the  de- 
grees marked,  such  as  the  equator  or 
ecliptic.  The  number  of  degrees  thus 
found,  being  turned  into  geographi- 
cal mUes,  at  the  rate  of  69M<V  lo^iz^'^v^. 
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%  degree,  will  pre  the  actual  distance  in 
miles.  Thus  the  direct  distance  betwectt 
Paris  and  Buenos  Aires  is  99^  24'  S6*, 
which  is  equal  to  99.41°  nearly.  Mul- 
tiplying this  by  69.044,  will  give  the 
direct  distance  m  miles,  which  is  equal 
to  6863.66404  miles,  or  6863  miles  5 
ftarloiun  nearly.  ^  ^  ^ 

It  has  just  been  taken  for  granted 
that  the  shortest  distance  between  two 
places  on  the  globe  is  the  arc  of  a  great 
circle.  This  may  be  made  evident  by  a 
few  simple  considerations.  The  plane 
of  a  great  circle  passes  throu^  the 
centre  of  the  globe ;  that  of  a  small 
cixde  does  not :  the  nutius  of  a  great 
emde,  therefore,  is  greater  than  that  of 
« imaU  one,  and  conseqaently  the  cur* 
'vatuie  or  bending  of  the  former  is  less 
tiian  that  of  the  latter.  And  as  a 
9iraight  line  is  the  shortett  distance  be- 
tween two  points,  so  of  two  curved  lines 
joining  two  points,  that  which  is  most 
like  a  straight  hue,  t.  e.  the  leas  curved 
line  of  the  two,  is  the  shorter ;  and  there- 
fore the  arc  of  a  great  circle,  lying  be- 
tween two  pl^u^es  on  the  globe,  is  the 
shortest  distance. 

If  we  suppose,  (as  hitherto  we  have 
done,)    that     the    earth    is    perfectly 
spherical,  it  is  evident  that  a  degree  of 
latitude,  being  the  360th  part  of  a  meri- 
dian, which  is  always  a  great  circle, 
must  be  everywhere  of  the  same  length. 
It  is  otherwise  with  degrees  of  longi- 
tude :  except  for  places  upon  the  equa- 
tor,  a  de^ee  of  longitude  is  an  arc  of 
a  small  circle,  and  is  less  than  a  degree 
of  longitude  measured  upon  the  equa- 
tor, which  is  a  great  circle.    And  the 
magnitude  of  a  degree  of  longitude  be- 
comes gradually  less  in  proportion  as 
the    distance   from    the    equator  in- 
creases, or  as  the   latitude  increases. 
The  radii  of  the  circles  on  which  the 
longitude  is  measured  (called  the  paral- 
lels of  latitude)  decrease  from  the  equa- 
tor to  either  pole ;  so  that  the  circum- 
ferences of  parallels  of  latitude  decrease 
in  like  manner:  but  the  circumference 
is  always  ec[ual  to  the  number  of  degrees 
into  which  it  is  divided,  multiplied  by  the 
length  of  each  degree ;  and  as  the  num- 
ber of  d^;rees  is  tne  same  in  all  circles, 
the  length  of  each  degree  varies  with  the 
circumference,  and  must,  therefore,  de- 
crease from  the  equator  to  the  pole.  The 
precise  measure  or  law  of  this  decrease 
may  be  proved  in  the  following  manner. 
Let  (fig,  9.)  the  arc  A  £  represent  a 
degree  of  longitude  upon  the  equator 
£ Q ;  ea  a  corresponcung  aro  of  a  de« 
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inee  of  longitude,  meamred  nlnm  the 
parallel  of  latitude  eag,  in  latitude  A  a. 

Fig.  9. 


Then,  as  the  length  of  a  dime  TaiieB 
as  the  circumference,  and  tne  drcmn- 
ference  as  the  radius,  we  shall  hate  the 
length  of  A£  to  that  of  «a  at  latitude 
Aa,  as  radius  AG  is  to  radios  aOt 
where  A  O  is  the  radius  of  the  earth, 
and  do  is  the  radius  of  the  small  drde 
f  ag,  the  plane  of  which  is  paniki  to 
the  plane  of  the  eauator.    In  plane  tri- 
gonometry, the  raaius  a  o  is  called  the 
cosine  of  the  arc  A  a,  or  the  cosine  of 
the  latitude  A  a ;  hence  the  length  of  a 
degree  of  longitude  at  the  equator  is  to 
the  length  of  a  degree  at  a  given  lati- 
tude A  a,  in  the  proportion  of  the  radius 
of  the  earth  to  the  cosine  of  the  latitude ; 
and  as  the  degree  at  the  equator  and  the 
radius  of  the  earth  are  invariable,  the 
length  of  a  degree  of  longitude  varies  as 
the  cosine  of  Sie  latitude. 

Chapter  VIII. 

ObkUe-Spheroidal  Figure  of  the  Earth 
— Cause  of  this  Figure — Centrifiigal 
Force. 

The  various  phenomena  which  indicate 
the  natiure  of  the  earth*s  shape  have 
been  already  described.  They  are  suffi- 
cient to  establish  in  a  general  way  the 
roundness  of  the  earth,  but  they  are  at 
the  same  time  of  that  vague  and  indefi- 
nite character,  as  to  be  incapable  of 
solving  the  more  difficult  proolem  of 
the  earth's  specific  and  exact  shape. 
In  order  to  determine  this,  it  has  been 
necessary  to  resort  to  experiments  of  an 
extremes  delicate  and  tedious  descrip- 
tion, ana  to  call  in  tlie  aid  of  complex 
mathematical  caJculations  founded  up<m 
the  facts  which  the  experiments  nave 
brought  to  light.   The  attention  of  some 
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of  the  most  eminent  philosophers  of 
Europe  has  for  many  year*  been  given 
to  this  subject ;  and  although  the  true 
figure  of  the  earth  cannot  be  considered 
as  even  yet  determined  with  all  the  pre- 
cision that  is  desirable,  it  is  now  con- 
clusively proved  that  the  earth  is  not  a 
]i€rfect  sphere,  but  of  an  oblate-snhe- 
roidal  *  form,  bulging  out  at  and  about 
the  equator,  and  flattened  at  tKe  poles  ; 
and  tnat  the  equatorial  diameter  is 
longer  than  the  axis  or  polar  diameter. 
The  excess  of  the  equatorial  above  the 
polar  diameter  represents,  when  com- 
pared with  the  whole  diameter,  the 
quantity  by  which  the  figure  of  the 
earth  deviates  fh)m  a  perfect  sphere ;  it 
is  called  the  earth*s  ellipticity  or  com- 
pression. 

The  discovery  and  proof  of  the  earth's 
elliptical  shape,  and  the  laborious  un- 
dertakings engs^jB^ed  in  for  determining 
the  quantity  of  it,  occupy  some  of  the 
most  interesting  pages  m  the  history  of 
science.  It  is  not  perhaps  to  be  much 
regretted  that  the  person  who  first 
started  the  idea  of  the  earth's  spheroidal 
shape  should  be  unknown.  The  first 
notion  of  it  was  in  all  probability  nothing 
better  than  one  of  those  happy  conjec- 
tures which  have  been  verified  by  sub- 
sequent proofs  ;  but  the  name  of  New- 
ton is  as  intimately  allied  with  the  dis- 
covery of  the  eartn's  true  figure  as  vnth 
that  of  universid  cravitation.  In  both 
cases  the  idea  had  been  already  enter- 
tained by  several  philosophers,  but  it 
was  Newton  who  redeemed  the  truth 
from  conjecture,  and  established  it  upon 
the  basis  of  demonstration:  with  respect 
to  the  figure  of  the  earth,  he  proved, 
from  admitted  principles  and  facts,  that 
it  must  of  necessity  Be  an  oblate-sphe- 
roid, and  he  assigned  a  ratio  between 
the  equatorial  and  polar  diameters. 

The  true  figure  of  the  earth  is  that 
which  the  particles  composing  it  must 
assume,  in  order  to  be  in  a  state  of  equi- 
librium or  rest :  the  figure,  therefore,  de- 
pends essentially  upon  the  forces  w'hich 
act  upon  these  particles.  The  principal 
of  these  forces  is  the  mutual  attraction 
which  subsists  between  the  particles 
themselves.  Any  other  force  which 
acts  in  a  different  direction  to  this  prin- 
cipal force,  or  with  unequal  intensity 
upon  different  particles,  is  a  disturbing 
force;  it  disturbs  and  deranges  that 
state  or  figure  wliich  the  whole  mass  of 

•  Ad  obliite  spheroid  is  a  solid  bodj  whieh  lUf 
tM  conceiTcd  to  m  fonniid  by  th«  irrolatim  of  Ml 
ellipte  or  oral  about  its  Irsser  axis. 


the  earth  would  assume  if  affected  only 
by  the  mutual  attraction  of  the  com- 
ponent particles. 

The  method  of  conducting  the  inves- 
tigation of  the  true  figure  of  the  earth, 
is  one  which  is  very  usual  in  mcchaniceil 
philosophy.  The  most  simple  and  strik- 
mg  characteristics  of  the  problem  are 
singled  out  and  considered  alone,  and 
the  result  obtained  from  them  is  after- 
wards varied  and  modified  by  the  intro« 
duction  of  such  minor  and  more  complex 
conditions  as  are  suggested  by  the  pro- 
blem in  its  true  and  practical  form.  In 
this  manner,  in  the  science  of  mechanics, 
the  first  principles  and  ground-work 
truths  are  ascertained,  upon  the  suppo- 
sition that  the  parts  o!^  machines  are 
without  weight,  and  that  there  is  no 
such  thing  as  firiction,  and  the  eff^t 
due  in  the  practical  result  to  these  and 
other  circumstances  is  estimated  after- 
wards. 

In  attempting  to  determine  the  true 
figure  of  the  eurth,  it  has  accordingly 
been  assumed  in  the  first  instance,  that 
the  earth  is  a  body  consisting  oiUy  of 
fluid  particles  which  move  easily  among 
themselves,  and  that  the  density  of  the 
particles,  or  the  quantity  of  matter  con- 
tained in  the  same  space  is  the  same 
throughout,  and  that  the  earth  is  in  a 
state  of  rest.  If  this  were  the  case,  the 
only  form  in  which  equilibrium  could 
take  place  among  the  particles  which 
compose  the  eartii,  and  which  exert  a 
mutual  and  eaual  attraction  upon  each 
other,  is  a  perfect  sphere.  This  may  be 
exemplified  by  adverting  to  the  familiar 
circumstance  of  drops  or  globules  of 
water,  or  of  quicksilver,  upon  a  perfectly 
smooth  and  dry  plain ;  by  the  force  of 
mutual  and  equal  attraction,  the  parti- 
cles of  which  they  consist,  dispose  tnem-^ 
selves  in  a  globular  form,  it  is  true, 
that  the  form  of  these  drops  is  not  per- 
fectly spherical,  but  is  rather  flattened 
at  the  top ;  because  the  force  of  gravity 
which  acts  without  an  equal  resistance 
upon  the  upper  particles,  makes  them 
press  down  upon  the  lower,  and  thus 
deranges  tlie  enect  which  would  be  pro- 
duced by  their  mutual  attraction  alone : 
but  the  fact  is  suflicient  as  a  popular 
illustration  of  this  conclusion,— that  fluid 
particles  of  an  equal  density,  not  affected 
•uy  any  external  and  partial  force,  would 
assume  the  form  of  a  perfect  sphere  as 
that  of  a  state  of  equilibrium. 

Now  in  this  statement  it  is  evident^ 
that  three  condi*iotsa  Vv»:^^  \s«wv\sfex5i- 
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actual  state  and  circumstances  of  the 

<6Blth. 

These  are,  1st.  That  the  earth  is  a 
fluid  body.  2d.  That  it  is  of  the  same 
density  throughout.  3d.  That  it  is  in  a 
slate  of  rest.  These  conditions,  there- 
fore, not  being  fulfilled,  it  is  necessary 
to  inquire  \vhat  alteration  ensues  in  the 
form  of  equilibrium. 

Let  us  first  take  into  consideration 
tlie  fact  of  the  earth  not  being  in  a  state 
of  rest,  but  having  a  double  motion,  one 
in  its  orbit,  the  other  about  its  axis.  The 
existence  of  motion  in  inanimate  matter 
always  indicates  the  impression  of  an 
external  force.  The  force  represented 
by  this  motion  in  the  earth,  is  th^efore 
in  addition  to  that  of  the  mutual  attrac- 
tion of  its  component  particles.  In 
order,  however,  that  it  should  alter  the 
form  of  equilibrium,  it  is  clearly  neces- 
sary that  the  additional  force  should  be 
not  merely  external  but  partial.  The 
earth's  motion  in  her  orbit  has  there- 
fore no  effect  of  this  kind;  because, 
acting  equally  upon  all  the  particles,  it 
can  have  no  influence  upon  their  mutual 
relation.  The  other  motion  of  the  earth 
about  its  axis  gives  rise  to  veiy  different 
considerations.  This  motion  is  per- 
formed in  a  plane  perpendicular  to  the 
axis ;  so  that  the  particles  of  which  the 
earth  is  composed  move  in  circles,  the 
planes  of  which  being  perpendicular  to 
the  axis,  are  either  coincident  with,  or 
parallel  to  the  plane  of  the  equator. 

Thus  On  Jig.  10)  the  particle  Q,  at  the 


equator,  moves  in  the  equatorial  ch-de 
Q  e  E ;  and  the  particle  L,  lying  between 
the  equator  and  the  pole,  moves  in  the 
circle  L/g,  which  is  parallel  wiUi  the 
equator.  And  as  the  circles  which  are 
thus  described  by  various  particles,  are 
^  described  m  the  same  time  (namely 

iae  time  ot  m  entire  revolutiou  of  the 


earth  about  its  axis  or  a  sidereal  iday), 
it  is  evident  that  different  parts  of  the 
earth  will  be  differently  affected  by  the 
motion  of  rotation : — ^immediately  under 
the  poles  there  exists  (so  far  as  this  mo- 
tion is  concerned)  a  state  of  perfect  rest; 
but  in  passing  from  the  poles  to  the 
equator,  the  motion  of  rotation  begins 
and  l)ecomes  quicker  and  quicker  (be- 
cause in  the  same  time  a  sreater  space 
or  circle  is  described) ;  till  arriving  at 
the  equator,  which  is  the  largest  circle, 
the  pkne  of  which  is  perpendicular  to 
the  axis,  it  has  obtained  its  ^atest  ve- 
locity.   This  motion  of  rotation  gives  to 
all  tne  particles  affected  by  it,  a  ten- 
dency to  fly  off  from  the  centre  of  rota- 
tion, and  communicates  to' them  what  is 
therefore    caUed    a    centrifugal  force. 
The  mutual  attraction  of  the  earth's 
particles,  or  their  gravitating  force,  is 
directed  touxxrds  *  the  centre  of  the 
earth,  this  is  called  a  centr^tal  or  cen- 
tre-seeking force.    The  combination  of 
these  two  forces,  the  centrifu«d  and 
centripetal,  will,  as  they  are  in  different 
directions,  and  as  the  former  acts  in 
the  partial  manner  we  have  described, 
produce  a  material  alteration  in  the 
form,  which,  under  the  action  of  the 
latter  alone,  the  particles  of  the  earth 
would  have  assumed  as  a  state  of  equi- 
librium.   For  it  is  evident  that  as  the 
centrifugal  force  caused  by  the  motion 
of  rotation  is  in  diminution  of  the  centri- 
petal force  of  gravity,  the  particles  af- 
fected by  this  centrifugal  force  must 
give  way  to  those  which  are  not  afiected 
by  it,  and  thus  be  pushed  away  from  the 
centre  of  the  earth ;  those  also  which  are 
more  affected  by  it,  will  give  way  to  those 
which  are  less  so,  and  will  recede  still 
farther  from  the  centre  of  the  earth  ;  so 
that  in  order  now  to  preserve  equilibrium 
among  themselves,  there  must  be  a  de- 
crease in  the  number  of  oarticles  which 
have  the  greatest  individual  gravitating 
force,  and  a  proportionate  increase  in 
the  number  of  particles  which  have  a 
diminished  gravitating  force. 

There  are  two  reasons  for  the  centri- 
fugal force  caused  by  the  motion  of  the 
earth  about  its  axis,  being  greatest  tX 
the  equator,  and  gradually  mmiuishing 
towards  the  poles.  The  motion  of  the 
earth  on  its  £pds  being  every  where  in  a 
plane  to  which  the  axis  is  perpendicular, 

^  •  This  is  not  strictly  true  :  the  direction  of  jra- 
vityll>eiiig  always  perprndicular  to  the  surface,  and 
therefore,  (the  earth  not  being  a  »phere)  it  docs  not 
psuBs  through  the  centre,  but  only  near  the  centre,  but 
this  distinction  may  be  disregarded  ii^  the  prn^U 
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ides  'lying  under  the  equator 
the  cmAe  of  the  equator ;  all 
rticles  between  the  equator  and 
i  move  in  circles  parallel  with 
tor.  Hence,  particles  moving 
[uator  have  the  ^atest  velo- 
the  greatest  centrifugal  force ; 
urer  the  equator  a  greater  vclo- 
a  greater  centrifugal  force  than 
rticles  which  are  more  distant 
equator.  Moreover,  the  direc- 
le  centrifugal  force  conununi- 
this  motion  is  always  opposite 
lirection  of  the  radius  of  the 
circles  in  which  the  particles 
lus  if  L  d  (fiff.  1 0)y  be  the  radius 
rcle  in  which  a  particle  at  L 
he  direction  of  the  centrifu^ 
L  will  be  L  a,  and  the  direction 
rentrifugal  force  at  Q,  in  the 
will  be  Q  9,  Q  C  being  the 
r  the  equator  and  also  of  the 
Vow  gravity  or  the  centripetal 
ilways  in  a  direction  perpendi- 
[he  surface,  and  therefore  it  is 
he  equator,  that  this  is  exactly 
positie  direction  to  the  centri- 
ce.  At  L  for  instance,  if  L  a 
as  in  the  direction,  and  as  also 
:ing  the  quantity  of  centrifugal 
re,  it  may  be  resolved  in  two 
s  a  6,  L  6,  one  of  which  only, 
irectly  opposed  to  the  force  of 
while  the  other  is  perpendicular 
iircction  of  gravity,  and  is  a 
to  the  surface,  and  does  not 
the  force  of  gravity.  Hence 
,  that  in  the  equatbrial  regions, 
le  directions  of  gravity  and  of 
rifugal  force  are  t)oth  perpen- 
0  the  surface,  the  two  forces 
altogether  opposed  to  each 
d  the  whole  amount  of  the  cen« 
brce  of  rotation  takes  effect  in 
on  of  the  force  of  gravity.  But 
distant  from  the  equator  (as  at 
3rtion  only  of  the  centrifugal 
;.  a  6),  and  that  in  its  diminished 
ts  in  opposition  to  the  force  of 
the  rest  of  it  (viz.  L  b)  is  in 
ction  of  a  tangent,  and  tends 
the  equator. 

er,  therefore,  that  equilibrium 
r  be  preserved  among  the  com- 
artides  of  the  earth,  a  great 
ition  of  partides  takes  place  in 
tonal  regions,  which  by  their 
compensate  their  deficiency  in. 
[ig  force.  And  this  effect  is 
Ibytiiat  part  of  the  centrifugal 
ing  between  the  poles  and  Sm 
wmch  is  in  a  tangent  direction 


to  the  earth*s  surface,  atid  which  tepdi 
to  thrust  down  the  puticles  on  which  it 
acts  towards  the  equator.  Hence  the 
equatorial  regions  are  elevated  above 
the  polar,  and  the  height  of  all  other  in- 
termediate parts  is  in  some  proportion 
of  the  distance  of  those  parts  mm  the 
equator.  This  is  the  alteration  pro- 
duced in  the  figure  of  equilibrium,  by 
the  diurnal  rotation  of  the  earth  upon 
its  axis. 

But  the  earth  being  neither  altogether 
fiuid,  nor  of  the  same  density  through* 
out,  we  must  introduce  some  qualifica* 
tions  into  the  result  we  have  iust  ar- 
rived at.  The  earth  bein^  partly  solid, 
the  particles  of  which  it  is  so  far  com- 
posed do  not  move  easily  among  them- 
selves, but  have  an  attraction  of  co- 
hesion which  opposes  a  certain  resis- 
tance to  the  operation  of  the  centri- 
fugal force  caused  bv  its  motion  of  ro- 
tation. This  neutralizes  and  destroys 
part  of  the  centrifii^  force,  and 
makes  the  earth's  ellipudty  to  be^less 
than  it  would  be  it  the  earth  were 
altogether  fluid.  But  the  centrifugal 
force  is  not  altogether  destroyed  by  tne 
attraction  of  cohesion;  for  it  must 
have  elevated  even  the  solid  parts  of 
the  equatorial  regions  ;  were  it  not  so, 
the  waters  of  the  ocean,  not  being  re- 
strained in  their  motion  by  the  same  at- 
traction of  cohesion,  would  all  have 
set  towards  the  equator  in  order  to 
restore  the  equilibnum  which,  by  the 
diminution  of  the  centripetal  force  of 
gravity  there,  had  been  disturbed,  and 
would  thus  have  overflowed  the  land  at 
the  equator  and  left  the  polar  regions 
dry.  It  may  here  be  remarked,  that 
the  two  constant  currents  in  the  sea, 
which  are  observed  to  set  from  both 
poles  towards  the  equator,  may  perhaps 
be  accounted  for,  by  the  action  of  that 
part  of  the  centrifugal  force  which  is  in 
the  direction  of  a  tangent  to  the  earth's 
surface  and  towards  the  equator.  The 
waters  of  the  sea,  having  no  attraction 
of  cohesion,  would  obey  the  impulse  of 
this  force  frecW,  as  it  is  not  opposed 
to  the  force  of  gravity.  The  westerly 
set  of  the  same  currents  may  be  as- 
cribed to  their  continually  advandng 
into  r^ons  which  have  a  greater  east" 
erly  motion  of  rotation.  . 

The  effect  produced  by  the  varying 
density  of  the  earth,  which  increases  to- 
wards the  centre,  has  been  proved  by 
Clairaut,  a  celebrated  FrencK  mAJL\^&- 
matidan,  to  be  il  ^as^u>uu^Ti.  q'I^^  ^r 

laten«s9  ^\]tv&««l^h^^^3cl^^  ^^^  ^^^ 
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cause  tiie  height  of  the  equatorial 
regions  is  somewhat  less  than  on  the 
supposition  of  an  equal  density ;  which 
is  contrary  to  what  Newton  supposed 
would  be  the  effect  of  an  increase  of 
density  towards  the  centre. 

The  result  of  Newton's  inquuy  into 
the  figure  of  the  earth  was,  that  the 
equatorial  diameter  of  the  earth  is  to 
the  polar  as  230  .:  229 ;  from  this  ratio 
theellipticity  of  the  earth  would  be  ex- 

Sresscaby  the  fraction  i|f  ;  or  the  polar 
iameter  wouJd  be  less  than  the  equa- 
torial by  the  229th  part  of  the  whole, 
and  the  equatorial  re^ons  would  be 
about  17  miles  higher  than  the  polar. 

A  very  simple  mathematical  process 
will  enable  us  to  exhibit  the  value  of  the 
centrifugal  force  at  any  point  of  the 
earth's  siuface. 

-  Let  C  {fig.  10),  be  the  centre  of  the 
earth,  Vp  the  polar  axis,  £  Q  the  equa- 
tor, L  a  particle  acted  upon  by  the  cen* 
trUUgal  force  at  any  latitude  L  Q  or  x ; 
from  L  let  fedl  L  ^  perpendicular  to  the 
polar  axis,  L  d  will  be  Ihe  radius  of  the 
circle  of  rotation  at  latitude  x,  and  C  Q 
will  be  that  of  the  equatorial  circle  of 
rotation,  and  is  the  same  with  the  radius 
of  tli«  earth. 

Now  the  whole  amount  of  centrifugal 
force  varies  as  the  velocity ;  for  motion 
or  velocity  is  the  producing  cause  of 
it,  and  the  velocity  of  rotation  of  dif- 
ferent parts  of  the  earth's  surface  varies 
as  the  circle  of  rotation,  and  therefore 
varies  as  the  radius  of  that  circle: — 
hence  the  centrifugal  force  at  any  point 
L,  varies  as  L  d,  wliich  is  the  sine  of 
P  L,  or  the  complement  of  the  latitude, 
or  tlie  entire  centrifugal  force  varies  as 
the  cosine  of  the  latitude. 

Take  L  a  to  represent  the  whole  cen- 
trifugal force  at  L,  resolve  tliis  in  direc- 
tions L  6,  ab,  perpendicular  and  pa- 
rallel to  that  of  gravity :  then  a  6  is  the 
only  part  of  the  centritugnl  force  which 
directly  opposes  the  force  of  gi-avity. 
From  L  let  fall  L  /,  perpendicular  to 
C  Q,  then  l*a  b  and  L  C  /,  are  similar 
triangles,  and  a  ft  :  L  a  ; :  c  /  :  C  L,  so 
that  a  ft,  or  the  cenlrifiigal  force  opposed 

to  gravity,  is  equal  to  L  a  ^  -^  =  L  a  x 

COS.  X  =  whole  centrifugal  force  at 
L  X  cos.  X,  Now  the  whole  centri- 
fugal force  we  have  shown  to  vary  as 
the  cos.  of  the  latitude ;  therefore  whole 
centrifitgal  force  at  L  :  centrifugal 
force  at  the  equator  : :  cos.  x  :  1,  for  at 
the  equator  the  latitude =o  and  cos.  o= 
ra^us;  but  the  centrifugal  force  at  the 


equator  is  found  to  be  ,|f  part  of  the 
force  of  gravity  there,  or  is  equal  to 
iff*  ^^&  represent  the  force  of  gravity 
at  the  equator.  Hence  the  whok  cen- 
trifhgal  force  at  L  =  ,1,  cos.  x,  and 
substituting  this  in  the  equation  for  the 
centrifuiB[al  force  at  L,  opposed  to  gra- 
vity, which  we  may  call  F,  F  =  ,}, 
COS.  '  X.  and  varies  as  cos.  *  x. 

Tiie  value  of  the  other  part  of 
the  force  L  ft,  which  acts  in  a  tan- 
gent to  the  surface,  may  now  be  easily 

found,  for  L  ft  =  s/h  a'  —  a6  •  = 

^(jf,    COS.    X)a    -    (,(,)'  COS.  «   K 
=    ,<^,   COS.    A.     ^  1  —  COS.  'X.    B  ,ft 

COS.  X.  sin.  X. 

Chapter  IX. 

Oblate  Figure  of  Jupiter,  Saturn  mid 
Mori — Pendulum  Ejcperiment^, 

In  the  foregoing  chapter  we  have  ex- 
plained the  causes  which  have  produced 
the  earth's  ellipticity.  We  now  proceed 
to  the  various  evidences  of  this  fiut 
which  have  been  derived  from  observa- 
tion and  experiment. 

As  the  same  causes  must,  under 
similar  circumstances,  produce  similar 
effects,  it  was  just  to  suppose  that  if 
the  reasoning  by  which  the  earth's  ellip- 
ticity  is  established  be  correct,  the  other 
planets  of  the  solar  system  would  ex- 
tiibit  the  like  appearance  of  a  flattening 
at  their  poles  and  a  billing  out  of  ttieir 
equatonal  parts ;  for  tneir  component 
particles  are  under  similar  circumstances 
of  mutual  attraction,  of  equilibrium,  and 
of  rotation  about  an  axis*.  This  was 
the  rather  to  be  looked  for,  because  of 
the  analogy  or  resemblance  which  is  to 
be  traced  in  the  principal  features  of 
the  solar  system.  Thus,  among  other 
analo^es,  the  orbits  of  all  the  planets 
revohing  round  the  sun  arc  eUiptical ; 
their  periodic  times,  or  the  times  of 
their  revolutions,  are  in  proportion  to 
the  cubes  of  their  mean  distances  from 
the  sun,  and  the  forces  by  which  Ihej 
gravitate  towards  the  sun  are  as  the 
squares  of  those  distances.  The  sup- 
position of  an  ellipticity  in  the  plants 
similar  to  that  which  is  observed  in  the 
earth,  was  first  verified  in  the  planet 
Jupiter.     Tliis  planet    completes   his 


*  We  mnst  except  fro:n  the  f^nenlitj  of  tfeis 
remark  Ihe  planem  Lfreniu,orO'corrinin  Sulos*^^ 
is  too  distAiit,  and  Jniw,  Vesta,  (Jere^  and  PaJlWi 
which  are  too  umall  to  admit  of  mny  ob»err*tioat 
hj  which  to  aicertaiq  whether  they  rerolre  abovt 
an  axU  or  pot. 
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rotation  about  his  aids  in  9  hours 
S  minutes;  the  centrifugal  force 
d  upon  him  is  therefore  consider- 
leater  than  that  which  afBects  the 
;  and  the  density  of  Jupiter  is  less 
hat  of  the  earth.  Hence  the  figure 
piter  ought  to  he  much  more  ob* 
r  compressed  at  the  poles  than  the 
is.    This  was  found  to  l>e  the  case 

astronomical  admeasurement  of 
uneters.  The  equatorial  diameter 
nter  is  to  the  polar  as  13  :  12,  and 
jerthan  the  polar  by  about  6230 
Saturn  and  Mars  exhibit  the 
jblate-spheroidal  appearance.  The 
planets  do  not  oner  facilities  for 
aining  the  effect  of  a  centrifugal 
anon  them.  With  respect  to  the 
,  her  motion  about  her  axis  is  too 
being  performed  in  29}  days)  to 
ce  enough    centrifugal   force  to 

a  (hfference  in  her  diameters, 
^  from  this  cause,  observable, 
las,  it  is  true,  a  spheroidal  form, 
is  is  owin^  to  the  attraction  of  the 
which  is  Tour  times  greater  than 
is  caused  by  her  motion  of  ro- 

J  horizontal  parallaxes  of  the  moon 
h  another  though  subordinate 
of  the  earth's  spheroidal  form.  If 
rth  were  a  perfect  sphere,  these 
axes  would  be  the  same  for  all 
,  upon  the  earth's  surface — ^if  a 
old,  they  would  be  different  at 
jnt  places;  and  this  is  actually 
ae;  so  tliat  the  same  heavenly 
which  by  her  eclipses  indicates 
rth  to  be  round,  by  her  parallaxes 
\  it  to  be  not  truly  spherical. 
;  the  more  direct  evidence  of  the 
nee  of  a  centrifugal  force  and  of 
rth*8  ellipticity,  and  the  means  of 
aining  the  amount  of  it,  are  to  be 
1  for  in  the  exjjeriments  made  with 
ndulum,  and  in  the  measurement 
3mparison  of  the  lengths  of  de- 
of  the  meridian  in  different 
les. 

\  nature  of  the  evidence  afforded 
ndidum  experiments  may  be  cx- 
d  by  a  reference  to  a  few  very 
is  principles. 

}  centrifugal  force  caused  by  the 
I  rotation  is  (we  have  seen) 
st  at  the  equator  and  decreases 
ds  the  i>oics;  this  centrifugal 
either  in  its  whole  quantity  or  in 
lets  in  a  direction  opposite  to  that 
rity,  and  therefore,  being  zreatest 
equator,  it  diminishes  the  force  of 
f  at  the  equator  by  the  greatest 


quantity.  Hence,  bodies  are  lightest  at 
the  equator,  and  their  w^ght  ^^ually 
increases  as  we  proceed  towards  the 
poles,  where  it  is  greatest.  The  pendu- 
lum of  a  clock  performs  its  vibrations, 
or  swinging  motion  to  and  fro,  by  being 
acted  upon  by  the  force  of  gravity. 


If,  therefore,  two  pendulums  Sp,  Bpf 
{fig,  11),  be  taken  of  the  same  length, 
and  the  same  substance  or  density,  and 
be  hun^  from  the  same  point  S,  and 
S  P  l)eme  vertical  position  of  both,  and 
they  be  made  to  fall  from  eaual  dis- 
tances firom  P,  it  is  evident  they  will 
move  through  the  equal  spaces  Pjt>  and 
P  //  in  exactl)r  the  same  time,  because 
the  force  which  causes  their  descent 
(namely  that  of  gravity)  is  equal  in  both 
cases.  But  if  one  of  these  pendulums 
(S  f)  be  made  to  swing  at  the  efjuator 
(bemg  let  fall  from  the  same  height  as 
before),  and  the  other  (S  p')  at  some 
place  between  the  ec[uator  and  the  poles 
(say  at  Paris),  the  time  of  S  p  amving 
at  r  will  be  longer  than  the  time  in 
which  S  d  will  move  through  the  same 
space;  because  the  force  of  gravity, 
which  causes  and  accelerates  tlie  mo- 
tions of  both,  is  less  at  the  equator  than 
at  Paris.  But  if  we  shorten  the  equator 
I>endulum  by  some  determinate  quan- 
tity, it  mav  be  made  to  perform  its  vibra- 
tions in  tne  same  time  with  the  Paris 
pendulum;  for  it  will  then  have  to 
describe  a  similar  arc  of  a  smaller 
circle  or  a  less  space,  and  a  less  ac- 
celcratinff  force  will  enable  it  to  de- 
scril)e  this  space  in  the  same  time. 
Such  is  the  effect  of  the  centrifu^ 
force  upon  the  vibrations  of  the  pendu- 
lum in  different  latitudes.  Tlie  existence 
of  it  was  first  detected  by  llichter,  a 
French  astronomer,  who,  in  the  year 
1672,  was  sent  to  make  astronomical 
observations  in  the  island  of  Cayenne, 
wludi  is  not  quite  6°  north  of  the  equa- 
tor. Sir  Isaac  Newton  haS)  in  hiaPTOL* 
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ciina,  described  the  particulars  of  the  to  one  another,  the  terrestrial  meridiAO 
discovery.  He  says,  that  when  Richter  cannot  have  the  same  cur\'ature  in  every 
was,  in  the  month  of  August,  observing  part,  and  is  therefore  not  a  circle ;  and 
the  transits  of  the  fixed  stars  over  the  consequently,  the  figure  of  the  earth  on 
meridian,  he  found  his  clock  to  eo  the  surface  of  which  the  meridian  is 
slower  than  it  ought,  in  respect  of  the  traced  cannot  be  a  perfect  sphere.  Now 
mean  motion  of  the  sun,  at  the  rate  of  it  has  been  found  by  trial,  that  to  raise 
2'  28"  a  day.  Therefore,  setting  up  a  the  pole  star  by  a  miantity  equal  to  a 
simple  pendulum  to  vibrate  in  seconds,  celestial  degree,  an  observer  must  travel 
which  were  measured  by  an  excellent  over  a  greater  and  increasing  space  as 
clock,  he  observed  the  lenerth  of  that  he  proceeds  from  the  equator  to  the 
simple  pendulum ;  and  this  he  did  over  pole.  Hence  it  follows,  that  the  degrea 
and  over  every  week  for  ten  months  of  a  meridian  line  on  the  earth,  or  de- 
together;  and  upon  his  return  to  France,  grees  of  latitude,  gradually  increase 
comparing  the  length  of  that  pendulum  from  the  equator  to  the  pole ;  the  meri- 
with  the  lensicth  of  the  pendulum  beating  dian  has,  therefore,  less  curvature  at  the 
seconds  at  Paris,  he  found  it  shorter  by  poles  than  at  the  equator,  and  the  earth 
Inline.*  In  accounting  for  this  difference  upon  which  it  is  traced  is  not  a  perfect 
in  the  length  of  the  two  pendulums,  New-  sphere,  but  is  flattened  at  the  poles, 
ton  allowed  |th  of  a  hne  as  the  utmost  It  is  not  to  be  immediately  conduded 
that  could  be  attributed  to  the  extension  from  this  that  the  earth  is  a  rwilar 
of  the  pendulum  by  the  heat  of  thecli-  oblate-spheroid ;  but  it  has  been  justly 
mate;  the  di^rence,  or  ly,  line  by  remarked,  that,  though  it  is  onlj  by 
which  this  pendulum  was  shorter  than  experiment  that  the  true  figure  of  tlie 
the  Paris  one,  was  made  necessary  by  meridian  can  be  discovered,  it  has  been 
the  less  gravity  of  iKxlies  at  and  near  found  necessary  to  assume  hypothe- 
the  equator.  From  this  fruct  he  obtained  tically  (or  by  way  of  supposition),  that 
the  same  conclusions  he  had  before  de-  its  figure  is  the  curve  next  in  simplicity 
duced  from  theory  alone,  namely,  that  to  the  circle,  viz.  the  ellipse,  and  also  to 
the  equatorial  diameter  of  the  earth  suppose  that  the  earth  is  a  spherdid 
was  greater  than  the  polar  by  the  229th  generated  by  the  revolution  of  this  el- 
part  of  the  whole  diameter.  Since  that  lipse  about  its  shorter  axis ;  for,  in 
time  obser\'ations  upon  the  lengths  of  many  complex  cases,  this  mode  of  get- 

{)endulums  beating  seconds  in  different  tiii£^  near  tne  truth  by  probable  suppo- 

atitudes,  have  been  made  with  great  sitions,  has  been  found  the  simplest  and 

assiduity  by  scientific  men  of  all  coun-  most  convenient  to  be  pursued ;  the  only 

tries ;  but  recent  experiments  tend  to  caution  to  be  obscr>'ecl,  is  to  submit  the 

show  that  the  earth's  ellipticity  is  not  so  supposition  first  made  to  the  test  and 

great  as  ,4g ;  the  fraction   sis  is  the  correction  of  actual  experiment    This 

value  which  results  from  the  latest  in-  caution  has  been  carefully  attended  to  in 

vestigations.  the  matter  we  arc  discussing,  l)y  the 

measurement  and  comparison  of  degrees 

Chapter  X.  at  various  parts  of  the  earth's  sur&ce. 

,,       ^-        J  „  A     ^  Tk  In  the  measurement  of  a  decree  or  of 

Length  and  Measurement  of  Degrees  ^^  ^^  ^^  ^  meridian,  many  fifScultics 

upon  the  Earth  s  Surface.  ^^.^^3^^^  themselves  in   the  way  of  an 

The  remaining  evidence  of  the  earth's  actual  and   mechanical  measurement 

ellipticihr  is  the  different  len^hs  of  de-  The  general  features  of  a  countnr  are 

grees  of  the  meridian  arc  m  different  such  as  to  make  any  attempt  of  this 

latitudes.  kind  unadvisable;   a  great  numl)er  of 

A  degree  of  a  meridian  is  that  portion  almost  conjectural  allowances  must  be 

of  it  which  must  be  travelled  over,  in  admitted  into  such  a  plan  of  operations, 

order  to  change  the  altitude  of  any  par-  which  forbid  our  placing  much  con- 

ticular  star,  b^^  the  360th  part  of  the  fidence  in  the  result     The  first  modem 

imaginary  meridian  circle  m  the  hea-  measurement,  having  any  just  claim  to 

vens :   if  the  spaces  travellcKi  over  in  accuracy,  was,  however,  made  in  this 

different  parts  of  the  same  terrestrial  manner.    This  was  the  measurement  by 

meridian,  m  order  to  produce  this  change  Norwood,  in  1635.    The  arc  measured 

in  tlie  altitude  of  a  star,  be  not  equal  was  that  part  of  the  meridian  wliich  lies 

, between  London  and  York.    The  dif- 

•  A  line  i.  »  .mall  French  measort  equal  to  Ui«  ^«^i®  °/  thc  latitudes  of  these  cities 

tFfl^tbpftrtofaBwoh.  V^as  first  asoertamcd ;    this  gave  the 
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number  of  d^|prees  in  the  arc  to  be  mea- 
sured; the  mstance  between  the  two 
cities  was  then  actually  measured ;  and 
the  turnings  and  winduigs  of  the  road, 
and  the  ascents  and  descents,  were  allow- 
ed for  afterwards.  The  length  of  a  de- 
gree  thus  determined  was  122,399  Eng* 
lish  yards ;  whidi,  notwithstanding  the 
extreme  liability  of  this  method  to 
error,  is  not  very  far  firom  the  truth ; 
according  to  the  latest  determinations, 
the  length  of  a  degree  between  these 
latitudes  is  121,660  yards.  The  only 
other  instance  of  the  actual  measure- 
ment of  an  arc  of  the  meridian  is  that 
of  Messrs.  Mason  and  Dixon.  Tliey 
measured  an  arc  of  the  meridian  of 
179,359.313  English  yards  in  length,  in 
the  state  of  Pennsylvania.  An  account  of 
this  measurement  is  given  in  the  Philo- 
sophical Transactions  for  the  year  1 768. 
Tne  other  and  more  accurate  mode  of 
finding  the  length  of  a  degree,  is  a  com- 
bination of  actual  measurement  and  of 
trigonometrical  calculations  founded 
upon  it  All  geodesical*  operations  (as 
they  are  called)  are  now  conducted 
according  to  this  method.  Two  places 
are  selected  which  lie  under  the  same 
meridian,  or  nearly  so ;  the  difference  of 
their  latitudes,  wmch  gives  the  number 
of  degrees  in  the  arc  to  be  measured,  is 
then  ascertained  with  the  utmost  pre- 
cision. A  base  line  of  a  few  miles  in 
extent,  and  at  some  little  distance  from 
the  meridian  arc,  is  then  very  carefully 
measured ;  this  is  the  only  actual  mea- 
siupement  which  need  be  made.  The  ex- 
tremities of  this  base  line  are  connected 
with  the  extremities  of  the  meridian  arc, 
by  imaginary  triangles;  the  sides  of 
which  are  not  measured,  but,  by  the  aid 
of  the  base  line,  and  by  means  of  the 
an^es  of  the  triangles,  which  are  all 
ascertained  by  an  instrument  for  mea- 
suring angles,  are  determined  by  trigo- 
nometrical computation.  This  mode  of 
ascertaining  the  length  of  the  meridian 
wiU,  however,  be  set  in  a  clearer  light 
by  following  the  steps  of  the  process  in 
the  subjoin^  ^gure.  ] 

Let  {Jig,  12)  M  m  represent  a  meri- 
dian arc ;  the  difference  of  latitudes  of 
the  two  extremities,  M  and  m,  being 
found,  the  length  of  a  degree  in  the 
latitude  of  M  and  m  will  be  the  length 
of  the  whole  arc  divided  by  the  number 
of  degrees  contained  in  it. 

A  tevel  plain  is  then  to  be  selected, 

*  Vh»m  two  Greek  words.  \i-hU-h  combined,  ngutw 
a  dividiog  or  apportioniDg  of  the  earth.  ^• 


on  which  a  base  line  A  B  is  measured ; 
the  two  extremities  of  this  line  are  to 

Fig.  12. 


be  connected  with  the  two  extremities 
of  the  arc  M  m,  by  a  series  of  triangles. 
For  this  purpose  convenient  stations 
are  fixed  upon,  such  that  the  three 
stations  situate  in  the  three  angles  of 
every  triangle  may  l>e  visible  to  each 
other.  Let  C,  D,  £,  be  the  stations 
fixed  upon,  these  are  supposed  to  be 
connected  together,  and  with  the  points 
M,  m,  by  the  imaginary  lines  which 
form  ttie  various  triangles  ABC,  BC  m, 
ACD,  CDE,  and  DEM.  Then  the  angles 
by  which  the  two  stations  C  and  B,* 
appear  to  be  separated  from  each  other 
wiien  viewed  from  the  station  A,  is  ob- 
served. This  observation  gives  the  angle 
C  A  B  of  the  triangle  A  B  C  ;  the  other 
angles  of  this  triangle  are  observed  and 
determined  in  the  same  manner,  and  the 
side  A  B,  which  is  the  base  line,  being 
Imown  from  measurement,  the  other  two 
sides  AC,  B  C,  may  be  computed  by 
plane  trigonometry.  By  this  means  we 
obtain  a  side  of  each  of  the  triangles 
B  C  m,  A  C  D,  and  are  enabled  to  con- 
tinue the  process  without  measuring 
any  more  sides.  The  angles  of  these  tri- 
angles are  measured  as  in  the  case  of 
the  first,  and  their  sides  are  ascer- 
tained in  like  manner  by  trigonome- 
try ;  and  by  proceeding  in  a  similar  way 
in  the  resolution  of  the  whole  series  of 
triangles,  the  sides  and  angles  of  all  are 
determined.  The  remaining  step  in  the 
field  proceedings  is  to  ascertain  the  in- 
clination of  the  lines  M  D  and  B  m,  to 
the  meridian  arc;  astronomy  affords 
the  means  of  doing  this.  From  thedatt. 


ta 
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furnished  bj  tfaese'epmliaiu,  thekqgth 
of  the  arc  M  m  is  determined  in  the  Al- 
lowing manner : — ^from  M  and  D,  draw 
the  lines  M  a  peipendicular  to  D  a, 
parallel  with  the  miendian  line,  meeting 
each  other  in  a;  D  b,A  b,  Ac,  Be, 
md,  B  </»  are  also  drawn  so  as  to  be 
respectively  perpendicular  to  and  pa- 
rallel with  tne  meritUan.  Then  it  is 
evident  that  the  length  of  M  m  is  equal 
to  the  sum  of  the  lengths  of  a  I>»  o  A, 
c  B,  B  d^  which  are  found  thus : — the 
inclination  of  M  D  to  the  meridian 
having  been  already  determined  by  an 
astronomical  obsenration,  the  angle  D 
M  a  in  the  right-angled  triancle  D  M  a 
is  known  from  it,  and  the  side  M  D  is 
also  Imown,  so  that  D  a  (which  is  equal 
to  M  D  X  sin.  D  M  a)  may  at  once  be 
computed  by  trigonometrical  tables.  In 
a  similar  manner  the  sides  bA,  cB, 
cf  B  are  computed,  and  the  sum  of  the 
whole  gives  the  length  of  the  meridian 
arc  M  m,  and  the  length  of  a  desree  is 
thekngthof  the  whole  are  divfitod  \ff 
the  number  of  digreea  contained  m  it 

FScardwas  the  first  person  who  me^- 
anred  aa  are  of  the  moidiaa  by  this 
method*  The  operation  was  performed 
in  the  year  1670;  the  aro  oommenoed 
near  raia»  and  extended  northwaid  ; 
the  result  of  the  measurement  gave,  aa 
the  length  of  a  dmree  in  latitude  49^^ 
121,6S7  yards,  which  diffisrs  only  35 
yards  from  what  is  now  considered  as 
&e  most  exact  length;  an  acciu'acy 
which  is  justly  supposed  'to  ^be  quite 
accidentaL 

Since  this  period  arcs  of  meridian 
lines  have  been  measured  in  various 
countries,  as  well  in  intermediate  lati- 
tudes between  the  equator  and  die  north 
pole,  as  near  both  the  equator  and  the 
pole.  The  following  table  represents  the 
length  of  a  degree  in  different  latitudes 
as  determined  by  the  five  most  ap- 
proved measurements : — 

Peru. 
India. 
France. 
England- 
Lapland. 

The  lEoUowing  particulars  will  show 
at  once  the  accuracy  which  now  distin- 
guishes geodesical  operations,  and  some 
of  the  means  taken  to  ensure  it : — 

The  first  base  in  the  £ng[lish  measure- 
ment, of  which  the  result  is  given  in  the 
above  table  of  degrees,  was  about  five 
miles  in  length,  and  was  measured  upoo 


Honnalow-heaih  with  %  steal  chali  el 
axooiaiteworiananahip.  TheaamehaM 
had  been  measured  three  yeava  hrlaie 
by  General  lioy»  with  s^aaa  rodi»  aai 
the  two  measurements  <m  a  ki^^fh  d 
five  miles)  diffisred  only  2}  inehea.  Tki 
IVeneh  base  was  measmnsd  with  ndieC 
platina,  that  in  Lapknd  witti  ndi  if 
von,  and  an  allowance  wa«  made  im 
the  changes  of  temporaiuvo 
the  len0h  of  the  rods  m  the  coK 
operation.  In  a jpravioua 
in  Lqkland,  the  French  as 
order  to  giwd  against  the  «k1 

traeting  eibet  of  odd  upon  ol , 

ployed  rods  of  deal;  thia  waalha 
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necessary  in  that  mettaareBMol*  aa  i 
waapevformed  in  the  dqptti  of  wa 
fhefrocen  surfoceo€anv«r««a 
for  the  base  line,  with  a  mw  to 

as  level  aplain  aa  poaaitla.  ttia 
also,  in  order  to  prove  tba 
of  the  geodesical proeaaa^ to, 
towards  the  eonduaion,  wliat  it 
base  of  verification.  W«  hsie 
sUted  that  all  the  sidaa  oTte 
brians^  (with  the  esceptkm  of  tha  basi 
line  AB,  which  is  a  wla  jn  tta  ftifc 
triande)  are  not  measmad  Mk  eoaih 
puted;  to  TsriiV  aU  tbapmiowiliBi 
m  the  process,  the  kqgCh  of  ono  oClie 
sides  of  the  triangles,  as  Uhaabceade^ 
ducedfix>m  computation,  is  compawd 
with  its  length  detcnninad  by  mlBaA 
measurement.  The  side  (tftbetriani^ 
thus  measured  is  called  a  base  of  vcri* 
fication,  and  is  taken  as  fax  distanttaa 
the  first  base  as  circumstaaees  wii  ad- 
mit In  the  French  operations  the  basi 
of  verification  was  distant  between  ftw 
and  500  miles  from  the  first  base,  aai 
was  7  miles  in  lei^^  and  vet  tl»  £fr 
ierence  l>etween  its  comptrtedks^Kthaai 
that  obtained  from,  its  actual  rae«me- 
ment  did  not  amount  to  12  indmb 

From  an  inspection  of  the  taUabrfBt 
civen,  it  appears  that  the  leogfii  tf  • 
degree  firom  the  equator  to  the  pole  in- 
ereases — the  curvature  therane  dh 
minishes,  and  the  earth  ia  not  a  ralnn 
but  is  flattened  at  the  poles,  aaothe 
polar  diameter  is  less  mm  the  eqaa^ 
torial ;  and  although  the  Tariooamo- 
dem  measurements  may  not,  on  a  eoai- 

parison  one  with  another,^agiee  m  gitav 
to  the  diflference  of  the  two  illaiiMlin 
precisely  the  same  value,  yet  they  dl 
ascertamthe  fact  of  the  polw  diamila 
being  less  than  the  equatorial,  aadttet 
a  degree  yicreases  towards  the  polei; 
and  this  establishes  the  oblate-spfal' 
radal  figure  of  the  earth. 
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The  value  of  tbe  compression  or  the  alterable  quantity  in  nature.    The  qua- 

fraction   expressing  the  difference  be-  drant  of  the  meridian  was  by  this  mea- 

tvveen  the  two  diameters,  as  deduced  surement  found  to  be  5,130,740  toises, 

from  a  comparison  of  the  lengths  of  a  or  10,936,578  English  yards :  the  French 

meridional  degree  in  different  latitudes,  metre,  or  the  ten  millionth  part  of  this 

determined  by  the  most  approved  mea-  quantity,  would  accordingly  be  1,093,578 

surements,  has  been  lately  shown  by  yards,  or  39.37  inches,  nearlv.     This 

Professor  Airy,  in  a  paper  in  the  last  method  of  obtaining  a  standard  of  [mea- 

volume  of  the  Philosophical  TransaC"  sure  is  not,  perhaps,  so  good  as  that 

Hofii  to  be  ^,  that  is.  the  polar  dia-  ^j^f^  ^^^'i^.^  "'  obsen  ing  the  length 

^  V      L  1    •  1 1-  ^1-  ®*  ™  pendulum,  which,  m  a  certain 

meter  IS  less  than  the  equatorial  by  the  latitude,  beats  seconds  of  mean  time. 

278.6th  part  of  the  whole  diameter.  y^^  the  length  of  tliis  i>endulum  is  ulti- 

Operations  arc  now  being  carried  on,  lately  ascertained  by  a  reference  to  the 

tm  the  contment,  which  have  for  their  equable  motion  of  the  earth  upon  her 

cftgect   the   more   precise    determma-  axis,  and  is,  therefore,  ascertainable  with- 

iion  of  the  fraction  of  ellipticity,  and  ^^t  the  aid  and  use  of  any  linear  mea- 

of   the    compression    of    the    earth,  gy^e  whatever ;  whereas,  in  the  very  act 

The  measurement  of    an    arc  of  the  ^f  determining  the  French  standard,  or 

parallel  of  latitude  45^  of  15*^  or  16°  the  quadrant  of  the  meridian,  some  H- 

in    extent   has  been   already    accom-  near  measure  ah-eady  in  use  must  be 

pbshed      One  extremity    of   tlus  arc  employed ;  and  thus  the  very  basis  of 

IS  at  Marennes,  on  the  west  coast  of  their  new  system  is  expressed  in  terms 

France,  and  a  little  to  the  north  of  the  of  that  in  the  place  of  which  it  is  sub- 

Garonne,  and  traversing  France,  Pied-  stituted. 

mont.  and  the  norUiern  parts  of  Italy,       jhe  importance  of  possessing  the  true 

Its  other  extremity  is  at  Fiiime,  m  the  ^ngth  of  a  degree  of  Xhe  meridian,  is  not 

Austrian  dominions,  and  on  the  eastern  confined  to  investigations   having  for. 

shores  of  the  Adriatic.    Tlie  value  of  then-  object  the  determination  of  the 

the  elhpticity  as  deduced   from  these  ^^^e  of  the  earth.    Upon  the  simple 

operations  is  ^r-^ .     We  have  already  fact  of  the  length  of  a  degree,  seemed  to 

stated  that  the  pendidum  experiments  ^SPf^^i^^  overthrow  or  establishment 

give  ,h.    This  Similarity  in  tfie  results  £^«  t^?«7  °^  Universal  Gravitation. 

Sfforded  by  such  very  diferent  kinds  of  The  particulars  connected  with  the  dis- 

investigation  is  a  strong  argument  in  cov^ry  of  a  pnnciple  productive  of  such 

favour  of  the  general   con^ctness  of  ymous  effects  m  nature,  is  not  the  less 

l^tlj  °  interesting  in  that  it  illustrates  the  se- 

The  mean  degree  of  a  meridian  or  the  <^^  dependency  of  parts    of  science 

degree  the  len^h  of  which  is  as  much  apparenUy  the  most  distinct,  and  the 

greater  than  that  of  a  degree  at  the  assistance  which  each   m  its  place  is 

Iquator,  as  it  is  less  than  that  of  a  de-  calculated  to  aftord  to  the  rest. 

g^  at  the  poles,  is  in  latitude  45°,  The  corner-stone  of  the  whole^^^^ 

whichis  the  mean  latitude  between  the  of  UmversalGravitaUon  is,  that  the  force 

equator  and  the  poles!     Its  length,  ac-  which  causes  a  heavy  body  to  descend 

Srding  to  the  pJ^nch  measurement,  is  J?  the  surface  of  the  earth,  is  the  sanae 

•0759.4  fathoms, orl2158.8  yards.  The  **^^  ^\^^^^  ?TJ"    ^^^  "" -^uZ 

circumference  of  the  elliptic  Meridian  is  ^^  ^^^^es  her  deflect  from  a  straight 

found  by  multiplying  the  mean  degree  J?®;  ^^  bend  towards  the  earth.    AU 

by  360,  and  is  equal  to  24855.84  miles,  l^,*t  was  reauisite  to  estabbsh  the  iden- 

liie  circumference  of  the  equator    is  ^^  f  ^«  f^''^^^,  ^^  ,^^'^^^^^^  ^^^^^  ^^'« 

24896.l6mUes.andisnotquite4]mUes  ™?  ^^^  f^^^'^'f^^*  ?^^'  J^  PJ*?^^' 

longer  than  the  elliptic  meridian.  ^^^  ?^e  quantity  of  effect  produced  m  a 

The  French   measurement,  in  1792.  5^^"  ^'^^  upon  the  moon  m    hus 

was  undertaken  with  a  view  to  obtain  a  deflecting  from  a  straight  hne,  (taking 

standard  measure  of  length,  to  serve  as  "^^^  consideration  the  lajy  by  which  the 

the  basis  of  a  new  system  of  weights    ^^'^  y^^'  f'^d  '^'^  i-^^^'T^.i.'''^ J^^. 
and  measures.    AccofdiuK  to  thisnew    »wooji,)wasm  due  proportion  to  the  effect 


ten  millionth  part  of  the  quadrant  of    therefore,  (haV\\\e^eV^Tmm^N:\wviA>^^^^ 
the  mmdiaa^whicb  is  a  fixed  and  un-    q^^s^oa  depeu^^  >x^qxv,  ^Ti^^^>^^  ^s 
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its  solution  be  affected  by,  the  distance  pkting  it    Thus,  by  the  aid  of  the  true 

of  the  moon  fW)m  the  earth.    This  dis-  length  of  a  degree,  was  finally  esta- 

tance  being  expressed  only  in  a  number  blished  the  grand  theory  of  Universal 

of  radii  of  the  earth  (about  60),  it  was  Gravitation, 
necessary  to  ascertain  the  length  of  the 

earth*s  radius.  This  could  only  be  Chaptbr  XT. 
done  by  means  of  the  proportion  which  Books 
the  radius  of  a  circle  always  bears  to  .ow/c*. 
the  circumference ;  and  the  length  of  Thb  subjects  embraced  in  the  foregoing 
the  circumference  being  360  times  that  treatise,  are  dispersed  throughout  a 
of  a  degree,  the  whole  matter  at  last  great  number  of  different  books,  and  tre 
resolved  itself  into  the  geodesical  opera-  to  be  met  with  only  in  detached  parts, 
tion  of  accurately  measuring  a  degree  The  proofs  of  the  spherical  fijj^ure  of 
upon  the  earth's  surface.  The  only  the  eartn,  and  the  methods  of  findmff  the 
measure  which  in  1666,  the  time  of  latitudes  and  longitudes  of  places,  wul  be 
Newton*s  first  taking  up  the  subject,  found  in  every  Treatise  of  Astronomy; 
was  in  existence,  was  that  of  Norwood^s :  we  shall,  therefore,  only  refer  to  tiut 
this  exceeded  the  true  length  of  a  degree  part  of  Malte-6run*s  work,  which  it 
by  more  than  1000  vards;  and  as  this  devoted  to  Mathematical  Gcogm>hy; 
error  would  be  greatf^r  multiplied  in  each  to  the  Nautical  Almanack;  Wood- 
step  of  the  process,  it  is  not  surprising  house's  Astronomy,  vol.  i..  chapters  1, 
that  Newton,  whether  he  used  this  mea-  5,42  and  43;  Bnnkleys  Elements  of 
siure,  or  the  still  more  incorrect  one  of  Astronomy,  chapters  1,  3,  16  and  17; 
60  miles  to  a  degree,  could  not  reconcile  Playfair's  Outlines  of  Natural  PhikMO- 
the  two  phenomena  of  the  falling  stone  phy,  vol.  ii.  part  1,  chapters  I  and  4; 
and  the  revolving  moon,  so  as  to  refer  and,  as  a  popular  work,  to  Boonjrcastle's 
both  to  the  same  cause — namely,  the  Astronomv,  letters  2,  9  and  10. 
attractive  force  of  the  earth.  The  con-  For  fuller  information,  with  respect 
sequence  of  this  error  in  the  then  re-  to  the  true  figiu-e  of  the  earth,  and  the 
ceived  length  of  a  degree  was,  tliat  for  lengths  of  pendulums  vibrating  seconds 
many 'years  Newton  laid  aside  his  theory  in  different  latitudes,  and  measurement 
of  universal  gravitation.  But  in  1670,  and  lengths  of  degrees,  we  may  refer  to 
the  measurement  of  an  arc  of  the  meri-  Malte-Brun ;  Briukley,  chap.  17 ;  Play- 
dian,  by  Picard,  took  place;  by  mere  fair,  chap.  3,  of  part  1,  and  chap.  €,  of 
accident  the  length  of  a  decree,  in  part  2;  Bonnycastle,  letters  15  and  16; 
latitude  49^,  was  then  ascertained  to  Nev^lon's  Principia,  book  3,  props.  18, 
within  35  yards  of  what  is  now  consi-  19  and  20;  Maclaurin's  Account  of 
dered  the  true  length.  This  new  mea-  Sir  I.  Newton's  Discoveries,  book  4, 
sure  brought  Newton  back  to  his  fa-  chap.  6  ;  Pemberton's  View  of  Sir  I. 
vourite  hypothesis.  He  then  satisfacto-  Newton's  Philosophy,  book  2,  chaqp.  6 ; 
rily  proved,  that  the  force  of  gravity,  Rces'  Cyclopjedia,  articles,  *  Earth,* 
and  that  force  by  which  the  moon  is  re-  and  *  Degree ;'  various  Papers  in  the 
tained  in  her  orbit,  are  one  and  the  same.  Philosophical  Transactions  on  the  Mea- 
It  is  related,  that  towards  the  end  of  surement  of  Degrees,  and  on  Experi- 
the  calculation,  and  when  he  perceived  ments  upon  the  Pendulum ;  Clairaut 
its  probable  successful  issue,  he  became  Figure  de  la  Terre ;  Quarterly  Journal 
so  much  nptated,  as  to  be  obliged  to  of  Science,  for  March  1827,  p.  177. 
request  a  friend  to  assist  him  in  com- 
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pRTfliCAL  or  no/tiro/ geography  might,  great  many  islands  lying  together  are 

if  we  regarded  merely  the  shict  mean-  called  an  archipelago. 

ing  of  uie  words,  be  limited  to  signify  In  many  places  the  land  and  the 

no  more  than  a  description  of  the  prin-  ocean  run  one  into  the  other.    When 

eipal  fieatures  of  the  oarth^s  surrace ;  the  ocean  penetrates  into  a  continent  by 

but  it  is  usual,  in  treatises  upon  this  a  narrow  passage,   and  then  spreacfi 

branch  of  seography,   to  touch  also  again  into  a  large  expanse,  this  inland 

upon  the  subject  of  climate  and  tem-  portion  of  the  ocean  is  usually  termed 

perature,— to  show  how  these,  together  a  sea.    If  the  extent  of  such  an  inland 

with  other  natural   causes,  affect  the  sea  be  less,  or  the  passage  by  which 

condition  of  the  human  race — and  to  it  communicates  with  the  main  ocean 

advert,    in  a  general   manner,    to  the  larger,  it  is  called  a  gulf  or  bay.    An 

animals     and     productions     of     the  inland  body  of  water  not  connected  with 

globe .  the  ocean  or  any  of  its  branches,  is 

called  a  lake.    A  narrow  passage  of 

Qtograpkical  terms  explained.  water  leading  from  one  sea  to  another 

In  looking  over  a  map  of  the  world,  w  called  a  strait;  a  narrow  neck  of  land 

it  is  seen  at  once  that  the  surface  con-  Y^^  between  two  seas,  and  connecting 

lists  of  various  spaces  of  land,  sur-  \^^  masses  of  land  greater  than  itself, 

rounded  by  an  extensive  field  of  water  »  called  an  isthmus.    When,  on  the 

called  the  sea  or  ocean.  Of  these  spaces  ^^^^  "^^J'  *  P"^  ^\\  continent  runs 

of  land,  two  are  of  vast  extent,  and  on  cut  into  ttie  sea,  and  is  joined  to  the 

this  account  are  termed  continents^  mam  land  by  only  a  small  portion  of  its 

(derived  from  a  Latin  word  signifying,  circumference  it  is  named  ^peninsula, 

holding  together  or  connexion).    The  (^^^t  is,  an  almost  tsland).    If  the  pro- 

larger  of  these  continents  includes  the  J^^^ons  of  land  reach  but  a  httle  way 

three  divisions  of  Europe,  Asia,  and  mto  the  sea,  they  are  caUed  cc^*,  Aeat 

Afrwa.  and  is  distinguished  by  the  tiUe  '«'»^'  or  promontories. 

of  the  oW  continent,  from  its  having,  till  General  View  of  the  Globe  as  consist^ 

the  discovery  of  Amenca,  by  Columbus  ,„^  o^  jr^„^  ^^  Sea. 

in  the  ^ear  1492,  been  the  only  one  with  .     . 

the  existence  of  which  Europeans  were  There  is,  in  fact,  only  one  continuous 

acquainted.    The  other,  which  includes  fluid  surrounding  the  land,  all  the  gulfs 

North  and  South  America,  is  named  and  inland  seas  being  branches  t  of 

the  new  continent.    The  smaller  por-  this  universal  ocean ;  but  for  the  sake 

tions  of  land  which  are  scattered  over  of  convenience  different  parts  ot  it  have 

the  ocean  are  denominated  islands.    A  distinct  names  given  to  them.    The  fol- 

_  lowing  table,   exhibiting  the  principal 

•  N     HoiUmL  b               rm  he     i«  re   rded  *®*^  ^^^^  which  the  occan  has  been  di- 
ss a  uTrd  continent^:  "bS^rif^SMfd^r^Jw^nuc^  vidcd,  will  be  clearly  understood  upon 

•nailer  it  is  than  either  of  the  two  vwt  trscU  above-  referring  to  the   map   of  tllC   WOrld  on 

ncatioMd,  it  will  appear  correct  rather  to  auign  it      \fory.ofnr'«  r^rniM'tinn  • 

tke  firat  autioa  amonV  the  itlamdi  of  the  globe.    New  "lercator  S  projecuon  . 

BoUaad  and  the  i»iao(U  around  it  are.  Iwwever,  not     — —  — 

vaworthjr  of  beiax  elasMd  as  the  fifth  frand  division  f  The  Caspian  Sea,  as  it  is  fcenerally  terfned.  terms 

•r  tka  world.  EafliNh  geographers  hare  aanad  thta  no  exception  to  this  remark,  because  it  is  in  fact  oal/ 

^— ^-**-  (SUX  is,  89mtker%  loMdt.)  an  immcnte  Uke. 
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FHTSICAL  OEOGRAFBT. 

'  1.  Th^Anlaretie  Ootan,  which  ii  comprised  within  the  Antarctic 
circle,  that  is,  between  the  parallel  of  66"  32'  of  aoutheni  latitude 
and  the  South  Pole.  .    , 

3.  The  Southern  Ocean,  the  boundary  of  which  on  one  nde  » the 
Antarctic  dicJe,  on  the  other  a  line  drawn  from  C^>e  Horn  to  the 
Cape  of  Good  Hope,  thence  to  Van  Diemen's  Luid,  and  again 
by  the  south  of  New  Zealand  to  Cape  Horn.  This  line  fonna  the 
southern  boundaiyof  No*.  3  and  4. 

3.  Tlie  Indim  Ocean,  Ivinic  tietween  Africa  on  the  west,  and  Qte 
peninsula  of  Malavs  with  the  islands  ofBumatra,  Jafatltc,  and 
New  Holland,  on  the  east,  and  bounded  by  Persia,  and  Hindustan 
on  the  north.  The  Red  Sea,  or  Arabian  Gulf,  the  Peraian  GuH 
and  the  Bay  of  Benval  are  all  parts  of  this  ocean. 

4.  The  Pacifte  Ocean,  divided  tty  the  equator  into  North  and 
South,  and  inidosed  between  America  on  the  east,  and  New  Hol- 
Isnd,  the  islands  of  Java  and  Sumatra,  and  the  continent  of  Asia, 
on  the  west.  On  the  north  it  terminates  at  Brhring's  strait  Iht 
seas  of  China.  Japan,  Okhotilc,  &c  form  parts  of  this  oeaUL 

1.  The  Atiantie  Oeem,  eomnMnebut  in  the  south  Broa  k  line 
drawn  Itom  C^ie  Horn  to  the  Cape  of  Good  Hope,and  tcramtftd  on 
the  north  by  the  AroHe  nrcte.  It  is  divided  bto  JVorfA  and  3Biitt 
hv  the  equaW,  and  its  branches  ai«  the  Hediterraneao,  the  North 
Sea  or  Cferman  Ocean,  the  Baltic,  Baffin's  Bay,  Hudion'i  B^, 
the  GulToT  Mexico  end  the  Cariobean  Sea. 

9.  The  ^re<ie  Ocean,  suiraunding  the  Nmth  Pole,  and  hooiided 
bf  Ihe  Aretie  oircle  and  the  norlluni  shores  of  the  two  contiutnti. 
.  IIm  White  Bea,  the  wa  of  Kara,  and  the  Gulf  of  Obe  an  pots  of  it. 
The  Ooeaa  ia  ■jmad  orcr  neariy  w*  the  land,  while  the  second,  if  wa  osotpt 
Tcn-tenthi  of  the  $lobe ;  but  it  is  re-  New  Holland  and  the  exiretniljr  of 
niBrltiJ)]e  how  uneaually  the  land  and  South  America,  from  the  twenty-ninth 
water  are  distributed.  If  wa  look  at  a  d^ree  of  south  latitude,  consists  almost 
inap  of  the  world  projected   upon  the    entirely  of  water.    TTie  distribution  of 

\ „  pf  i^n<j(m_  jn  which  map.  con-    water  and  land  is  still  very  unequal,  if 

"7,  I.ondon  forms  the  centre  of    we   compare  only  the    norihem    and 
lemiiphere  and  the  antipodes*     southern  hemispheres,  that  u>,  the  two 
to  London,  the  centre  of  the  other ;  the    equal  parti  into  which  the  globe  b  d>- 
first  hemisphere,  it  will  be  seen,  contains    Tided  \>y  the  equator.    The  following 
•  very  lar|^  proporhon  of  the  whole  of    calculation  will  plainly  exhibit  thiaCut : 

Considering  the  whole  space  included  in  the  northern  part  of  the  torrid 
lone,  >a  equal  to  1,  the  projiortion  of  land  is  .  •  .  .   IJiBF 

On  the  same  supposition,  the  proportion  of  land  in  tiie  northern  tcn- 
pera'e  tone  is  ...,,,.  ,    MM 

And  in  the  norihem  icy  lone       .,,...   UM 
In  the  southern  part  oi  the  torrid  lone,  the  portion  of  land  it    .  .  MIS 

In  the  southern  temperate  lOne    ......   O-OTi 

In  the  southern  icy  zone  (supposed)        .....   noM; 

In  other  words,  if  the  quantity  of  land  in  Ihe  northern  hemisphwe  be  rqifr 
■entdd  by  1 6,  the  quantity  in  the  southern  will  be  scarcely  equal  to  S. 

About  the  middle  of  Ihe  last  century  south  pole  does  not  of  itself  prove  that 
it  was  I  s.iierled  that  a  great  continent  Ihereislesstandlhcre  thanin  ihenorih, 
must  exist  towards  Ihe  south  pole,  in  since  it  is  possible  that  Ihe  land  in  re- 
order to  counterbalance  Ihe  mass  of  ncrnl  may  be  only  rather  mote  oe- 
land  in  the  northern  hemisphere;  but  pressed  in  the  soulh.  Ihe  neci-maryiv- 
by  Ihe  voyages  of  Cook  and  others,  it  suit  of  vhich  would  be,  ihat  the  ocean 
has  been  nroved  that  the  high  southern  would  spread  ilielf  more  extniMvelj 
Intituovi  cunlam  only  a  few  islands. —  over  Ihe  surlace  of  the  earth  in  Ibal 
llie  absence  of  a  continent  near  the    quarter. 


•rquentlv,  I 
the  one  nen 


1  IfiMf  u  ibi  n 


iHUHpotaliiLgadoB. 


On  the  Figure,  ^.,  iff  the  Cmtinente.     pathian  range,  whidi  in  a  great  mea- 

Ti,.  ^..o^i  Ai..^^  «f  ♦!,.  I..,.!  :.    ■""*  surrounds  Hunniy,  are  of  this  se- 
The  genend  direcbon  of  the  Iwid  m    ^„j  description.    Si  devations  which 


north.ea*t,aad.if  wekeep  Afticaoutof  ,„  j^^^j  ^j,,^  or  «/<»«*. 

view^t  IS  alinostparaUel to  the  equa-  Mountains  most  cbmmonly  are  so 

tor.  Thetongeststraighthnethatcanbe  ^^  ^^  „,her.  and  are  disposed  ih 

drawn  on  the  old  continent  oommracea  ^^y^  ,  „^          „  ^^  ^^^  ^f{^^  „, 

on  the  westoi  coast  of  Afr«»,  from  ^.^     A  chain  may  Tbc  defined  as  a 

about  Cape  Verd.  and  extends  to  Behr-  ^^  ^  mountains,  the  bases  of  which 

^'*^r  i^LS""^.**"-  ''^  ^It  ««  continuous ;  but  it  is  weU  to  observe 

It  u  _about  11^00  mUes  m  length,  that  the  name  is  sometimes  applied  to 


A  «mlar  hne,  traced  along  the  new  collections  of  hills  without  mucll  regarf 

conbnent,   passes   from  the  »tnut  of  to  its  strict  meaning.  Sometimes  chains 

Tf^  £k  ^^■'  *°  **!?  "°^  '^^Jl  ron  o«t  from  »  «o««non  «ntre :  those 

of  North  America,  and  is  nearly  9000  ^^.p^  ^^^  ^„  ,hc  ^i^,,  table-land 

mdes  W    In  both  contments  the  di-  ^,j  ^„j5;i  ^           beconrideied  as  an 

ncbon  of  the  law  pemnsulas  is  simi-  ^^^g.  ^  otheri  the  centre  mass  it- 

lar,  almost  aU  of  them  runmng  towarda  ^j  j/^  j^  ^^ain  to  which  secondary 

the  south.   This  u  the  case  with  South  ^.j^  ^  ^^^ .  ,„^  ^  tj,e  Alps. 

Arnwca,  Cahfomia,  FlorulB,  AJask^  i„  ^„g  instances  there  are  irNguIar 

?^.?"1^r*^  S  "Jf  ^7  ^°' o'  "^  ««>«P«  of  «everal  chains,  among  which 
m  the  Old  with  Scandinavi^SMin,  l^*~^  be  ranked  as  the  prinlpal :  of 
Italy.  Greece.  Africa,  Arabia.  Hindus-  ^^  j^,  mountains  in  AsirMinw  and 
Un,  Malaya.  Cambodia.  Corea.  and  peraa  are  examples.  The  most  remark- 
Kamtchatka.  The  only  exceptions  to  ^j  however,  are  long  connected 
this  remark,  are  the  pemnsula  of  Yu-  ^^^^  ^^ksh,  Uke  the  Andes  t,  con- 
catan  m  Mexico,  «id  that  of  Jutland  in  ^^^  f„  ,^g^  thousand  miles,  nearly 
the  north-west  of  EurOTe.  Both  of  «  one  direction,  having  on  both  skies 
these  are  directed  towards  the  north  ^^^  ..g,,^  but  sSding  off  hardly 
but  they  consist  of  plains  and  aUuvial  gecondiiy  chains.  Tfiese  appei^ 
land,  whereas  the  otfier  penmsulas  are  to  \«  of  the  highest  antiquitj-. 
more  or  less  of  a  mountamous  charac-  g^,^  mounUins  an  wmpletely  insu- 
tev  There  is  a  further  reMmUanoe  be-  iated,that  is,  are  quite  remote  fr^m  any 
*^.»l\etwpconUnents.  from  each  be-  chain  or  group.  Voteanoes  are  moi4 
ing  divided  into  two  parts  by  an  wth-  particularly  of  this  kind, 
mus  • ;  but  in  the  character  of  then-  »~The  ch^acter  of  mountuns  would 
outhnes  they  differ  v«t  much  :  for  „^  to  depend  upon  the  sort  of  rock 
while  the  coast  of  the  Old  World  (m-  ^f  which  they  are  exposed.  Granite, 
dependent  of  Africa)  is  broken  equally  ^hen  expos^,  forms  lofty  and  rugged 
on  aU  sides  by  ^/s.  bays,  and  inland  devationV;  gneiss  is  much  less  pFSji- 
aeas,  the  New  World  has  a  senea  of  j^  ^  ^^  commonly  not  It  all 
opemngs  on  its  eastern  shore  only.  W  i,.  jn  thU  respect  there  is  a  remark- 
its  western  side,  the  only  inlet  of  any  ^j^  difference,  which  Humboldt  has 
magnitude  IS  the  gulf  of  (.ahfomia.  noticed,  between  the  Old  and  New 
On  Mountain*.  Continents.     In  the  former  the  hi^est 

Mountains  are  the  most  considerable  !«'"*»  »f.*«  Alps  consist  of  granite  ^ 

^aui>7»u<n<  <u  c  uic  luvoi.  America,  granite  is  not  found  hurher 

ckvations  of  «he  surface  of  the  earth,  y^  n,ooo  or  12,000  feet  above  the 

They  may  be  divided  into  two  dasses:  '         ^ ^ ^      ^ 

thoae  oi  which  the  chaans  «^  Uje  m«)rt  ^^hi„„o„e7which  in  Europe  appeaiS 

li^'/^SiP^'.ht  InwS^I  V^hS  only  in  low  mountains,  or  at  the  S^of 

tbe  Ajrfes,  the  mourtaH»  of  c«b^  ^    j            magn  tude,  covers  the 

Asia,  the  Alps.  &c.,  ar^  those  of  a  less  j  t&Andes.*^  Chimboraao  and 

?*'*"*il'^SIf « 'it  ^  ^X*^  Aitisana  are  crowned  with  vast  walls 

S«s.'7Kpe"niLThiSSvS  ofpomhyry;  and  basalt,  which  in  our 

the  whole  length  of  Italy,  and  the  Car-  "7           .  .  .    .    .        ,  .   .    ^  . 

*•             P        ^ t  Tfce  name  of  Amdet  n  given  ooly  to  tbc  chain  am 

'                              — ' tke  wc»l  oowt  of  Siimth  America ;  th*  enotinttation  ol 

•  The  isthmiu  of  Snes  is  compoted  of  Mad ;  that  that  chain  ia  North  America  has  oihax  UjULi»\  Vs«X 

of  Paaama  or  Daxiea  ooaslsti  of  ttttpendons  roefci.  thuf  •▼idotly  Cota  om  fnm  ^V^> 
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continent  has  not  been  observed  higher 
than  4300  feet,  is  on  the  very  summit 
of  Pichincha.  Other  secondary  forma- 
tions, among  which  may  be  mentioned 
limestone,  are  also  found  at  greater 
heights  in  the  New  than  in  the  Old 
world. 

With  respect  to  thar  declivities,  it  is 
observed  that  most  of  the  principal 
mountains  have  one  of  their  sides  veiy 
steep,  and  the  other  of  a  eradual  slope. 
The  Alps,  for  instance,  have  a  much 
more  alnupt  descent  on  the  side  of  Italy 
than  on  that  of  Switzerland ;  the  Pm- 
nees  are  steeper  towards  the  south  than 
the  north,  wnile  the  chain  of  Asturias, 
which  branches  westward  from  the 
Pyrenees,  is  just  the  reverse.  Mount 
Taurus,  in  the  part  where  it  approaches 
the  Mediterranean  and  the  Danlanelles, 
is  abrupt  on  the  south,  but  in  Armenia 
it  has  a  rapid  descent  northward.  The 
mountains  of  Scandinavia  are  steeper 
towards  Uie  west  and  north-west,  than 
the  south  and  east ;  and  the  Ghauts  in 
Hindustan  are  in  hke  manner  precipi- 
tous on  the  west,  and  sloping  in  the 
opposite  direction.  With  aQ  these 
chains,  therefore,  and  indeed  with  most 
of  the  chains  of  the  globe,  their  steepest 
side  is  found  to  b^  that  which  ap- 
proaches most  nearly  to  the  sea,  and 
consequently  their  inclination  is  most 
gradual  towards  the  interior  of  the 
country  in  which  they  are  situated. 

Mountains  in  their  course  commonly 
make  numerous  curves  and  angles ;  but 
in  most  cases  the  general  direction  of 
the  principal  chains  appears  almost,  if 
not  entirely,  to  correspond  with  the 
greatest  length  of  the  continents  to 
which  they  l)elong.  The  Andes  in 
South  and  the  Stony  Mountains  in 
North  America  exemplify  this  remark ; 
as  do  also  the  chains  which,  with  little 
interruption,  pass  from  the  north-eastern 
point  of  Asia  to  the  south-west  coast  of 
Portugal,  and  to  the  western  side  of 
Africa.  The  secondary  chains,  in  the 
same  manner,  frequently  follow  the 
greatest  length  of  the  large  peninsulas. 
This  is  the  case  with  the  Apennines  in 
Italy,  the  Dovrefield  in  Scandinavia, 
the  Ghauts  in  Hindustan,  &c. 

In  order  to  obtain  a  connected  view 
of  the  loftiest  and  most  extensive  system 
of  mountains  upon  the  globe,  we  must 
suppose  ourselves  placed  in  New  Hol- 
land with  our  face  turned  towards  the 
north;  America  will  then  be  on  the 
right,  Asia  and  Africa  on  the  left. 
Fi'om  Cape  Horn  to  Behring's  strait 


along  the  western  coast  of  America, 
there  is  an  almost  uninterrupted  range 
of  the  highest  mountains :  firom  Ben- 
ring*8  strait  again  succeeds  an  enoiv 
mous  hne  passing  in  a  south-westerly 
direction  tnrough  Asia,  leaving  China 
and  Hindustan  to  the  south,  somewhat 
interrupted  as  it  approaches  Africa,  but 
still  to  DC  looked  upon  as  continuing  its 
coiurse  in  the  mountains  of  Persia  and 
Arabia  Felix.  From  Cape  Gkundaiui  in 
Africa  to  the  Cape  of  Grood  Hope,  there 
appears  to  be  a  chain  which  completes 
the  view.  The  series  of  mountains 
which  we  have  thus  followed,  is  in  the 
form  of  an  immense  irregular  curve, 
which  comprises  within  it,  the  Pacific 
and  Indian  Oceans,  with  their  innu- 
merable islands,  besides  a  portion  of 
Asia,  including  China,  the  Bbrman 
dominions,  and  the  Indian  pemnsuhu 
It  presents  a  steep  face  towards  these 
oceans,  while,  on  the  other  side,  the 
land  very  generally  slopes  towards  the 
Atlantic  and  Arctic  Oceans. 

The  following  is  a  table  of  the  height 
of  some  of  the  principal  mountains  of 
the  globe,  reckoning  from  the  levd  of 
the  sea.  The  elevations  of  those  in 
Asia  and  Africa  are  far  from  having 
been  ascertained  with  accuracy.  Some 
recent  measurements  make  the  highest 
summits  of  the  Himalayan  range  as 
much  as  28,000  feet;  but,  though 
these  calculations  seem  very  doubtful 
it  is  not  unlikely  they  are  at  least  25,00^ 
feet  high. 

Europe. 


Mont  Blanc  t  ... 

Mont  Rosa 

Orller  Spitze  in  the  Tyrol 

Aiguille  d'Argeniure 

Eiger  ..... 

Jungfrauhorn  .      .      • 

Shreckhorn 

Wetterhorn 

Pass  of  Great  St  Bernard 

Ditto  of  Moni  Cenis    . 

Ditto  of  the  Simplon  . 

Nelhout 

Perdu 


> 


.      ,      .      .      >  I^re 


F«iet 
15,66^ 
15,527 
15,439 
13,389 
13,170 
The  Alps   13,739 
13^19 
12,509 
7,968 
6,778 
6,580 
11,427 
renees    11,275 
9,146 
9,523 
7,962 


Canigou 

Monte  Comot  (Apennines) 

Lomnitz  f  (Carpathian)  . 

Sneehaettaf  (Dovrefield  in  Norway)       8^122 

Mulhacen  f  (Sierra  Nevada  of  Grenada 

in  Spain)     ......     11^78 

Mont  Mezin  f  (Cevennes  in  the  south* 

east  of  France)        ....       6,567 
Puy  de  Sancyt  (Mountains   of  Au- 

vergne  in  France)   ....       6,215 

Etna*  in  Sicily 10,870 

Vesuvius*  near  Naples  .^  •  ,  .     ,      S|932 
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Mia* 

Mowoa  Roa  (Sandwich  It.) 
Ophir  (Somttra)      .     . 
Egmont(New  SEeahnd) 
Italitzkoi  (Altaiaa  cbain) 
Ararat  (Armenia)      .     • 
Olympus  (Anatotia)  .     • 
AwaUha*  (Kamtchatka) 
Lebanon  (Pkdestine) 


Feet. 

28,077 

25/47 

15,988 

13,840 

11,430 

10,735 

9,600 

6,500 

9,600 

9,600 


jifrica. 
Oeesh     .    i        •     •     .     •     • 
Amid  Amid > Abyssinia    ....     __,._. 

Lamalmon  i 11,200 

Chain  of  Atlasf 

PeakofTenariffa*   .     . 


15,000 
13,000 


11,980 
12,180 


jitnencom 


^Andea 


Chimborazof  •     •     .     .     ' 

Cayambe 

AoUsana*       .... 
Cotopaxi*       .... 

Yliniza 

Tolima 

Cotocache       .     •     .  *  . 

Pichincha*     .... 

Farm  of  Antisana  (inhabited) 

City  of  Quito         .      .     . 

Popocatepetl  * 

Iztaccihuatl 

Coffer  of  Perote 

Lake  of  Tolaca 

Silla  de  Caraccas  (Venezuela) 

Duida  (Mountains  of  Parime) 

Itacolumi  (Brazil)     . 

Mount  Washington  t  (Alleghanies) 

Blue  Mountains  (Jamaica)   . 

Mount  St.  Elias  ...» 

Mount  Fairweather   .... 


} 


Mexico 


21,425 

19,633 

19,136 

18,867 

17,376 

18,324 

16,436 

15,931 

13,437 

9,542 

17,720 

15,705 

13,275 

12,195 

8,633 

8,314 

5,756 

6,650 

7,278 

17,863 

14,736 

(Notk)  Those  marked  *  are  Toleaaoet.  And  f  are 
the  highett  points  of  the  range  to  which  they  belong. 

On  Volcanoes^ 

The  term  Volcano  (derived  firom 
VuLCANUs,  the  name  which  the  Ro- 
mans gave  to  their  imaginary  god  of 
fire)  is  applied  to  those  mountams  which 
tend  forth  from  their  summits  or  sides, 
flame,  smoke,  ashes»  and  streams  of 
melted  matter  called  lava.  Upon  as- 
cending to  the  top  of  a  mountain  of  this 
kind,  were  is  found  to  be  an  immense 
and  deep  hollow,  which  is  denominated 
the  crater  or  cup.  From  most  of  the 
Tokanoes  which  are  not  extinct,  there 
is  a  smoke  more  or  less  firecjuently  i^- 
ing ;  but  the  eruptions,  which  are  dis- 
duirges  of  stones,  ashes,  lava,  &c., 
accompanied  with  lofty  columns  of  fire, 
Tiolent  explosions  and  concussions  of 
the  earth,  happen  at  irregular  and 
flometimes  very  long  int^als.  It 
aeems  to  be  a  very  geSend  rule  that  the 


greater  the  mass  and  the  elevation  of  the 
moimtain,  the  less  frequent  and  more 
tremendous  are  the  eruptions.  Strom- 
boli,  the  small  volcano  on  one  of  the 
Lipari  islands,  is  almost  always  burning ; 
Vesuvius  has  more  frequent  eruptions 
than  Etna ;  while  the  immense  summits 
of  the  Andes,  Cotopaxi,  and  Tungu- 
rahua  have  an  eruption  hardly  once  in 
a  century.  The  volcanoes  of  America, 
besides  the  common  lava  and  rocks, 
&c.,  cast  out  scorified  clay,  carbon, 
fltilphur,  and  water  *,  accompanied,  in 
some  instances,  bv  fishes. 

The  eruption  tne  most  astonishing, 
perhaps,  of  any  upon  record  is  that 
which,  in  April  1815,  issued' from  the 
Tomboro  moimtain  in  Sumbawa,  one 
of  the  islands  of  the  Indian  Archipelago 
(see  Notes  to  chap.  i.  of  Raffle*'  History 
(if  Java)  ;  and  we  mention  it,  in  order  to 
gpve  an  idea  of  the  violence  which  some- 
tunes  characterises  volcanic  agency. 
The  tremulous  motions  which  the  ground 
underwent,  during  this  eruption,  were 
felt  throughout  a  circular  space  of  near- 
ly 2000  miles  in  diameter,  and  the  report 
of  the  explosions  was  heard  over  an 
equally  extensive  area.  Within  its  more 
immediate  range,  embracing  a  space  of 
300  miles  around  it,  it  excited  the  great- 
est alarm.  On  Java,  at  the  distance  of 
300  miles,  the  sky  was  overcast  at  mid- 
da)r  with  clouds  of  ashes,  the  showers  of 
which  covered  every  thing  to  the  depth 
of  several  inches ;  and  explosions  were 
heard,  at  intervals,  like  the  report  of 
artillery  or  the  noise  of  distant  thunder. 
On  Sumbawa  itself  thousands  of  indivi- 
duals were  destroyed  by  the  fury  of  the 
eruption. 

What  may  be  termed  mud  volcanoes, 
from  their  having  eruptions  of  mud  only, 
are  another  curious  phenomenon.  One 
of  these,  which  is  situated  towards  the 
middle  of  the  island  of  Java,  in  a  plain 
abounding  with  salt  springs,  is  thus  de- 
scribed in  the  9th  volume  of  the  Batavian 
Transactions :  "  On  approaching  it  from 
a  distance,  it  is  first  discovered  by  a  large 
volume  of  smoke,  rising  and  disappear- 
ing at  intervals  of  a  few  seconds,  resem- 
bhng  the  vapours  arising  from  a  violent 
surf:  a  dull  noise  is  heard,  like  that  of 
distant  thunder.  Having  advanced  so 
near,  that  the  vision  was  no  longer  im- 
peded by  the  smoke,  a  large  hemispheri- 
cal mass  was  observed,  consisting  of 
black  earth  mixed  with  water,  about  1 6 
feet  in  diameter,  rising  to  \S^&\\<cN9jg(^  ^\ 
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sjO  or  30  f(eet  in  a  perfectly  regtdirmaii-  a  complete  series  of  volcanoes  may  be 
ner,  and,  as  it  were,  pushed  up  by  a  force  traced.  The  Aleutian  islands,  wnich 
beneath — ^which  suddenly  exploded  with  stretch  from  that  peninsiila  to  the  op« 
a  dull  noise,  and  scattered  sibout  a  vo-  posite  peninsula  of  Kamtohatka»  poa- 
lume  of  black  mud  in  every  direction,  sess  several.  On  Kamtchatka,  tnera 
After  an  interval  of  two  or  three,  or  are  some  of  great  violence.  The  ialanda 
sometimes  four  or  five,  seconds,  the  of  Japan  and  Formosa  have  several, 
hemispherical  body  of  mud  or  earth  rose  and  beginning  with  Sumatra  and  Java* 
and  exploded  again.  In  the  same  man-  they  are  scattered  all  over  that  innnffnit 
ner  this  volcanic  ebullition  goes  on  with-  Archipelago  which  forms  so  remaik- 
out  interruption.  The  spot  where  it  able  a  feature  of  the  Pacific  Ocean, 
occurs  is  nearly  circular  and  perfectly  In  the  Indian  Ocean,  the  Islands  of 
level ;  it  is  covered  only  with  the  earthy  St.  Paul,  Amsterdam,  and  Bourbon, 
particles,  impregnated  with  salt  water,  have  volcanoes  in  action.  The  most 
which  are  thrown  up  from  below :  the  formidable  volcanoes  of  the  Mediter* 
circumference  may  be  estimated  at  about  ranean  are  Etna  in  Sicily,  and  Vesuvius 
half  a  mile.  A  strong,  pungent,  sul-  upon  the  coast  of  Naples.  Betwetn 
phureous  smell  is  perceived  on  standing  these  two  mountains  are  the  Lipari 
near  the  explosion,  and  the  mud  recenthr  islands,  all  of  volcanic  character.  The 
thrown  up  is  wanner  than  the  surround*  Atlantic  Ocean  contains  several  groupa 
ing  atmosphere.  During  the  rainv  sea>  of  this  kind ;  Iceland  has  suflfered  fine- 
son  these  explosions  are  more  violent.**  quently  from  the  terrific  enipfions  of  ita 

The  mountain  of  Macccduba  in  Sicily,  volcanoes ;  the  Azores  and  the  Canaries, 

and  some  hills  at  the  town  of  Taman  m  and  some  of  the  West  India  islands, 

the  Crimea,  are  also  distinguished  by  also  experience  the  effects  of  subtem^ 

eruptions  of  mud.  nean  fire. 

It  is  remarkable,  that  in  the  Old  In  some  places,  parts  of  the  land 

Continent,    the    principal    chains   of  which  are  covered  by  the  waters  of  the 

mountains  contain  no  volcanoes,  and  ocean  are  the  seats  of  volcanoes ;  and 

that   islands,  and   the  extremities   of  it  has  sometimes  happened,  that  new 

peninsulas,  are  alone  the  seats  of  these  islands  have  been  formed  during  mb* 

convulsions ;  while  in  the  New  World,  marine  eruptions.    A  recent  instance  of 

the  immense  range  which  runs    along  this  kind    occurred    in    1811,    in  the 

the  shore  of  the  Pacific  Ocean  pos-  neighbourhood  of  St.  Michael,  one  of 

sesses  more  volcanoes  than  are  to  be  the  Azores,  the  small  group  which  lies 

met  with  in  the  whole  of  the  Old  Con-  about  800  miles  to  the  west  of  PortugaL 

tinent  and  its  adjacent  islands.    Pro-  This  new  island  has  since  disappeared, 

fessor  Jameson  has  given  the  follow-  It  is  probable,  that  some  clusters  of 

mg  estimate  of  the  number  of  vol-  islands  (among  which  are  the  Azores, 

canoes : —  just  mentioned,  and  the  Lipari  islands 

Continent  of  Europe !•  ?°^^  ^^  ^^cUy)  owe  their  origin  to  the 

Islands  of  ditto 12  breaking  out  of  submarine  volcanoes. 

Continent  of  Asia gf  Several  mountains  bear  evident  marks 

Itiands  of  ditto 58  0^  having  at  some  very  distant  period 

Continent  of  America 97  been  the  outlets  of  fires ;  and  on  this 

Islands  of  ditto 19  account,  they  are  called  extinct  vdl« 

No  volcano  has  yet  been  discovered  on  ^^^o^s. 

the  continent  of  Afiica,  but  most  of  its  On  Valleys  and  Plains. 

groups  of  islands  are  distinguished  by  r^  „            ,,                i  •      ,_  . 

them.                                                 ^  Valleys  are  the  spaces  lying  between 

A  line  drawn  round  the  Great  Pacific  ®PP°,??^?  ^^^^^  of  mountains  or  of  hills, 

Ocean,  so  as  to  include  the  long  ran^e  ^^  ^^^  ^°^®*^  P**^  "  commonly  the 

of  mountains  on  the  west  of  America.  ^^  •    .  ^^^\  *^/T^"^  ^^  "^*^'*»  ^^"^h 

the  Asiatic  peninsula  of  Kamtchatka!  jrigmates  in  the  higher  grounds.  Those 

and  the  islands  of  Sumatra  and  Java!  *^^^"  ^^^^"  mountains  are  in  general 

wiU  have  within  it,  by  far  the  grandest  "i^^"^  ^^^   ^°"^'    resembUng    large 

rfi./^  «„  clefts  or  fissures.     In  some  of  these 


angles  on  each  side  correspond  wiih 


•  vesuritts.  such  cxactncss  to  projections  on  the 

t  OAthop«inwiaofKa«tchatiuu  opposite  side,  that  u  it  ware  pcMaibU 
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to  exert  a  ioroe  suffioient  to  bring  their 
tides  together,  they  would  fit  into  each 
other  K)  eloaely,  that  no  traoe  of  the 
opening  would  remain.  Such  valleyi 
M  thne  would  leem  to  have  been 
formed  by  some  convulsion  of  nature. 
The  naiTOw  openings  which  are  the 
entranee  to  the  high  valleys,  are  called 
pa$9e9  or  de/Uet^  and  these  are  often  of 
the  most  gloomy  and  terrific  aspect.  Val- 
leys, which  are  upon  a  lower  level  than 
the  class  just  mentioned,  are  wider  and 
more  soft  in  their  features*  and  gradu<i 
aUy  lose  themselves,  in  the  plains. 
Plaint  are  likewise  of  two  kinds.  Those 
which  are  extensive,  but  very  elevated, 
come  under  the  denomination  of  table 
land.  There  are  several  plains  of  this 
sort ;  but  the  most  remarkable  are  those 
among  the  Andes*,  those  of  Mexico,  and 
Uie  immense  plains  in  central  Asia,  to 
the  ncnth  and  north-east  of  Hindustan. 
The  great  Himalayan  and  Altaian 
chains  form  the  ramparts,  as  it  were,  of 
this  extensive  and  desolate  table-land,  a 
lam  proportion  of  which  is  the  desert  of 
Gomt  or  Shamo.  The  low  pkdru, 
from  the  nature  of  their  soil,  seem  for- 
merly to  have  been  covered  by  the  sea. 
The  large  plain,  to  the  south  of  the 
Baltic,  is  one  out  of  several  instances  of 
this  character. 

On  iBlamU. 

Large  islands  exhibit,  on  a  smaller 
scale,  the  same  appearances  as  the 
continents :  upon  them,  therefore,  it  is 
unnecessary  to  make  any  observations , 
but  with  respect  to  smaller  islands,  the 
circumstance  of  their  commonly  being 
in  groups  or  chains,  deserves  attention. 
Some  are  banks  of  sand,  just  raised 
above  the  surface  of  the  water.  Many 
islands,  especiall)r  those  in  the  Soutn 
Sea,  owe  tneir  origin  to  the  marine  in* 
sects  which  produce  the  coral.  Some 
groups,  as  has  already  been  observed, 
appear  to  have  been  raised  up  by  the 
action  of  submarine  volcanoes.  Since 
the  bed  of  the  ocean  possesses  as  much 
▼ariety  of  surface  as  the  land,  there  is 
no  doubt  that  groups  or  chains  of  is- 
lands very  near  to  each  other,  and  which 
have  not  been  raised  up  by  such  pro- 
cesses as  those  just  alluded  to,  are  only 
the  difPerent  summits  of  an  extensive 
submarine  system  of  mountains;  and 
when  these  collections  of  islands  lie 

•  T«r  pUiu  of  Quito  aro  Li,000  foot  abort  Che 
lerd  of  ue  ma. 

t  This  worl,  which  is  osualir  bat  iBOorrecQr 


close  to  mountains  on  shore,  they  may 
be  considered  as  a  continuation  of  the 
latter.  The  Aleutian  isles,  which  run 
in  a  curve  south  of  6ehring*s  strait, 
connect  in  this  manner  the  mountains 
of  the  New  with  those  of  the  Old  World. 
In  some  cases,  where  a  chain  of  islands 
extends  from  one  part  of  the  shore  of  a 
main  land  to  another,  it  would  appear 
as  if,  at  a  remote  period,  the  sea  had 
overwhelmed  a  portion  of  the  main 
land,  leaving  those  spaces  uncovered 
which  now  form  the  islands.  This 
seems  still  more  probable  i^  the  water 
on  the  land  side  of  the  chain  be  not  very 
deep,  or  if  the  islands  are  of  a  lofry  and 
mountainous  character.  It  has  been 
supposed  that,  among  others,  the  West 
India  islands  and  the  Archipelago  be- 
tween New  Holland  and  the  opposite 
coast  of  Asia,  were  rendered  inMilar  by 
an  incursion  of  the  ocean  having  de* 
tached  them  from  the  continents  to 
which  (if  this  supposition  be  just)  they 
fi)rmerly  belongeo. 

On  Springs  and  Rivers. 

The  origin  of  the  numerous  springs 
that  break  forth  from  beneath  the  eartlTs 
•urface  cannot  be  referred  to  one  exclu- 
sive cause.  The  internal  reservoirs  by 
which  they  are  supplied  are,  in  many 
cases,  derived  from  the  water  which  the 
earth  absorbs  from  rams  and  melted 
snow  ^  from  these  reservoirs,  wherever 
there  is  uneven  or  mountainous  around, 
the  water  flows  out  by  minute  fissures 
in  the  sides  of  the  hills.  But  when  we 
see  springs  rising  up  in  plains,  it  is  evi- 
dent that  they  must  have  ascended,  that 
is,  travelled  in  a  direction  contrary  to 
tliat  produced  by  the  force  of  gravity, 
in  order  to  reach  the  surface.  1  his,  no 
doubt,  is  sometimes  to  be  attributed  to 
water  flowing  under  ground  from  distant 
elevations,  and  to  the  natural  tendency 
of  a  liquid  to  find  its  level.  But  the 
rising  up  of  springs,  in  plains,  cannot 
always  be  accounted  for  in  this  man- 
ner ;  and  it  has,  therefore,  been  sup- 
posed, that  the  earth  contains  capil- 
lary tubes,  the  efi'ect  of  which,  in  at- 
tracting liquids  upwards,  is  explained 
in  Chapter  VIII.,  of  the  treatise  upon 
Hydrostatics.  It  is  also  evident  that 
such  springs  as  suffer  no  diminution 
even  from  the  longest  continued  dry 
weather,  must  be  derived  from  a  source 
quite  independent  of  rains,  and  other 
external  means  of  supply.  TVvajj  x!CL\5a.\^ 
therefore,  \»toc««i  ^^ta.  ^Qtck&  N^'sXXi^i^ 
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with  appireDt  reason,  been  oonduded,-  m  a  eertam  degree,  tnmp  beeaftn  tta 

that  many  springi  arise  from  the  CNsean  greater  the  bulk  of  the  OKranftwa,  tts 

filtering  throufl^  the  pores  of  the  earth,  more  nomerous  the  eprings  and  toRegAs 

the  salt  partiolea   Ming  lost  in  the  whk^  thqr  tumish;  hA  the  vsialki 

passag^e.  between  the  extent  of  a  river  aind  ^ 

Springs,  whidi  hare  tiiehr  waters  snrfiice  of  its  basin  is  mncli  do—  sbI 

comoined  with  mineral  snbstsnoes,  and  more  inyariable.    Even  thb  is  not  sa^ 

are,  from  that  eiromnstance,   called  ficienfly  comprdiensive,  tor  it  is  evMat 

flitiisro^  are  Tov  nnmerous,  and  of  var  that  tlie  siie  of  a  river  depends -mn 

rious  lands.    ^Form  and  Aoisprinss  are  three  drenmstances — the  soitea  of  Ss 

slso   eommon,  espedaUy  in  TC&anie  basin— 4he  abundance  or  otbarwiseiDf 

countries,  where  they  sre  sometimes  that  snr&ce  m  qmngs— and  the  degras 

distinguished   by   violent    ebullitions,  of  humidity  possessed  br  the  dfanatoef 

Iceland  is  noted  for  these  curious  i^  the  region  fiK>m  which  it  draws  Hs  s^ 

pomena:  its  celebrstedboilinff  fountain,  pBes.    As  many  springs,  hoawti;  srs 

ue  great  Gfqf«er,  frequently  Qurows  out  formedby  the  rains,  the  second  of  these 

its  contents  to  the  hei|;ht  of  more  than  cireumstances  will,  in  some  ■wasurat 

a  hundred  feet,  sometimes  to  twice  that  vary  with  the  last.    Byan  attmtioa  to 

elevation.  these  remarics.  the  causes  of  ^  great 

jRtMTt  are  to  be  traced  to  springs,  or  size  of  the  South  American  ritoa  will 
to  the  sradual  meltinffs  of  the  ice  and  be  apparent  The  peooliar  poaltiba 
snow  modi  perpetuaUy  cover  the  sum-  of  the  Andes  with  respect  to  tbs  plain 
mits  of  aU  the  most  elevated  ranges  of  of  that  continent, — the  foet  that  byvaiy 
mountsins  upon  the  globe.  The  union  hr  the  largest  prcyortion  of  its  iumum 
of  various  sprinss,  or  of  these  meltinss,  waters  are  druned  off  in  one  genstt 
forms  rivulet :  Uiese  last  follow  the  de-  direction  (towsrds  the  Atlanti6>-4ha 
divity  of  the  ground,  and  commonly  multiplicityof  streams  that  intoraeet  the 
fell,  at  different  stages,  into  one  neat  country,— -and  the  humidily  of  the  cfi- 
channel,  called  a  river,  which,  at  last,  mate,  all  contribute  to  that  result  The 
discharges  its  waters  into  the  ses^  or  Andes  bein^  placed  so  near  tiie  eoast 
some  great  inland  lake.  The  dechvi-  of  the  Pacific,  the  rivers  irinch  flow 
ties  along  which  descend  the  various  finom  them  into  that  ocean  are  smafi; 
streams  that  flow  into  one  particular  while  those  which  flow  on  the  other  aide 
river  are  called  its  basin,  a  term,  there-  having  such  an  immense  space  to  tra- 
fore,  which  includes  the  whole  extent  verse,  are  swelled  into  a  most  mi^|estio 
of  country  from  which  the  waters  of  the  volume  before  they  reach  the  Atlantic 
river  are  drawn.  As  mountainous  re-  The  physical  circumstances  of  the  old 
gions  abound  in  springs,  we  find  that  continent  are  unfevourable  to  tiw  a^ 
most  rivers,  more  especially  those  of  cumulationof  such  vast  l>odies  of  witcr 
the  first  class,  commence  from  a  chain  as  the  rivers  of  South  America.  Burdpe 
of  mountains :  each  side  of  a  chain  also  is  not  of  sufficient  extent ;  Africa  is  op- 
has  its  springs,  and  the  rivers  which  pressed  by  a  scorching  ^^*matf,  and 
originate  on  one  side  flow  in  the  oppo-  abounds  in  sandy  deserts ;  in  Aria  the 
site  direction  to  those  which  rise  on  the  atmosphere  generally  is  not  so  moist 
other.  As  it  is  the  property  of  water  while  the  more  central  position  for  the 
to  follow  the  most  rapid  descent  that  most  part  of  the  great  mountainoaB 
comes  in  its  way,  the  courses  of  range  of  that  continent  and  the  eiist- 
streams  naturally  point  out  the  van-  ence  of  capacious  inland  Idces*,  wfaieh 
ous  declivities  of  the  earth's  surface,  are  the  final  receptacles  of  the  streana 
and  the  line  from  which  large  rivers  that  fell  into  them,  are  the  causes  iHiy 
fiow  in  contrary  directions  will  gene-  the  waters  are  more  equally  drained  ot 
rally  mark  out  the  most  elevated  parts  in  different  directions  than  in  tiie  New 
of  the  earth.      In  European  Russia,  World. 

where  the  rivers  are  very  extensive,  there  When  water,  by  following  a  deaeent, 

is,  however,  a  singular  exception  to  this  has  once  received  an  impulse,  the  pns- 

rule,  the  line  which  separates  the  sources  sure  of  the  partides  bdiind  upon  tnoea 

of  those  rivers  being  very  little  above  the  before  will  he  sufficient  to  keep  tbs 

level  ot  the  Baltic  or  of  the  Black  sea.  stream  m  motion,  even  when  there  is  no 

It  has  been  observed  by  some  writers,  longer  a  declivity  in  the  ground.    Ibe 

that  the  extent  of  a  river  is  in  proper-  only  effect  is,  that  in  passing  along  a 

tion  to  the  height  of  the  range  of  moun- ~^— __- 

tains  from  which  it  descenu    This  is,  •TtoCHpiaaSwttdinkAAnai 
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level,  the  course  of  the  stream  becomes  Spain  the  phenomenon  exhibited  by  the 

gradually  slower,  an  eifeet  which  may  Ghiadiana,  which  has  its  waters  dis- 

be  perceived,  more  or  less,  in  all  run-  persed  in  sandy  and  marshy  grounds, 

ning  waters  that  originate  in  mountain-  whence    they    afterwards   emerge    in 

ous  or  hilly  tracts,  and  afterwards  tra-  greater  abundance,  is  to  be  referred  to 

verse  the  plains.  The  declivity  of  many  the  absorbing  power  of  the  soil 

great  rivers  is  much  less  than  might  at  Rivers,  in  their  junction  with  the  sea, 

&rst  be  supposed.     The  Maranon  or  present  several  appearances  worthy  of 

Amazons  has  a  descent  of  only  lOi  feet  notice.     The   opposition    which  takes 

in  200  leagues  of  its  course,  that  is,  ^th  place  between  the  tide  and  their  own 

part  of  an  inch  for  every  1000  feet  of  currents  occasions,  in  many  instances, 

that  distance.    The  Loire,  in  France,  the  collection  at  their  mouths  of  banks 

between  Pouilly  and  Briare,  falls  one  of  sand  or  mud,  called  bars,  on  account 

foot  in  7,500,  but  l)etween  Briare  and  of  the  obstruction  which  they  offer  to 

Orleans,  only  one  foot  in  13,596.   Even  navigation.     Some  streams  rush  with 

the  rapid  Rhine  has  not  a  descent  of  such  force  into  the  sea,  that  it  is  pos- 

more  than  four  feet  in  a  mile,  between  sible,  for  some  distance,  to  distinguish 

Schaffhausen  and  Strasburg,  and   of  their  waters  from  those  of  the  sea.  The 

two  feet  between  the  latter  place  and  shock  arising  from  the  collision  of  the 

Schenckenschantz.    When  nvers  pro-  current  of  the  majestic  Amazons  with 

oeed  through  mountainous  and  rugged  the  tide  of  the  Atlantic  is  of  the  most 

country,  they  frequently  fall  over  pre-  tremendous  description.    Many  of  the 

ctpices    and  form  cataracts,  in  some  largest  rivers  mingle  with  the  sea  by 

cases    several  hundred  feet  in    depth,  means  of  a  single  outlet,  while  others. 

The  most  celebrated  falls  in  the  world  for  instance  tiie  Nile,  the  Ganges,  the 

are  those  of  the  Niagara,  in  North  Volga,  the  Rhine,  and  the  Orinoco,  be- 

America.  fore  their  termination,  divide  into  several 

In  the  tropical  regions  most  of  the  branches*.  This  circumstance  will  de- 
rivers  are  subject  to  periodical  over-  pend  upon  the  nature  of  the  soil  of  the 
flowings  of  their  banks,  in  consequence  country  through  which  a  river  runs ; 
of  the  rains  which  annually  fall  in  such  but  it  also  frequently  results  from  the 
abundance  in  those  countries  during  the  velocity  of  the  stream  being  so  much 
wet  season.  The  overflow  of  the  Nile  diminished  in  its  latter  stage,  Uiat  even 
was  considered  by  the  ancients,  who  ft  slight  obstacle  in  the  ground  has 
were  ignorant  of  its  cause,  as  one  of  the  power  to  change  its  course,  and  a  num- 
matest  mysteries  of  nature,  because  in  oer  of  channels  are  thus  produced. 
E^ypt,  where  the  overflow  takes  place,  no  Another  cause  may  be  assigned  for  the 
ram  ever  falls.  The  apparent  mystery  is  division  into  branches  of  those  rivers, 
easily  explained,  by  the  circumstance  which,  in  tropical  countries,  periodically 
of  the  rains  descending  upon  the  moun-  inundate  the  plains ;  the  superfluous 
tains  in  the  interior  of  Africa  where  the  waters  which,  at  those  periods,  spread 
Nile  rises.  The  consequent  accumu-  over  the  country,  find  various  outlets, 
lation  of  the  waters  among  the  high  which  are  afterwards  rendered  perma- 
srounds  gradually  swells  the  river  along  nent  by  the  deepening  of  the  channels 
m  whole  extent,  and  in  about  two  by  each  successive  flood.  In  some  of 
months  from  the  commencement  of  the  the  sand^  plains  of  the  torrid  zone  the 
rains,  occasions  those  yearly  inunda-  rivers  divide  into  branches,  and,  from 
tions,  without  which,  Egypt  would  be  the  nature  of  the  soil  and  the  heat  of  the 
no  better  than  a  desert.  climate,  they  are  absorbed  and  evapo- 

The  disappearance  of  some  rivers  for  rated,  and  thus  never  reach  the  sea. 
a  certain  distance  under  ground  is  ac- 
counted for  with  equal  facility.    Wlien  On  Lakes, 
a  river  is  impeded  in  its  course  by  a  Lakes  may  be  classed  into  four  dis- 
bank  of  solid  rock,  and  finds  beneatn  it  tinct  kinds.     The  Jirst  class  includes 
a  bed  of  a  softer  soil,  the  waters  wear  those  which  have  no  outlet,  and  which 
away  the  latter,  and  thus  make  for  them-  do  not  receive  any  running  water,  lliey 
•elves  a  subterraneous  passage.  In  this  are  usually  very  small ;  some  appear  to 
way  are  explained  the  sinking  of  the  he  the  craters  of  extinct  volcanoes  filled 

Mone,  between  Seyssel,  and  I'Ecluse, 

and  the  formation,  in  Virginia,  of  the  •  The  tnanH*''  *^^  fom^  by  a  rivfr  pouring 

magnificent  rock  bridge  which  over-  ij«!if  i«to  the  «»  by  rarioti.  nwath*.  i.  caii«i  • 

hai^ttecourwsoftheCedarcreek.  In  iSSi'^)'^Zo^S^^^ 
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wittiwtte.  Hm  MMMf  abut  an  tboM  toobiref  havs  been  offiarad  to  teeount 
wluch  h|iT«  an outiat, Imt whidi nomvt  for  this  apparent  anomaly;  but,  after 
no  nmning  water.  They  have  been  all,  the  jprooess  of  evapontion  aaema 
fbrmed  by  aprtnga  flowina;  into  aoma  quite  sufficient  to  explain  it,  eapadal^ 
lavie  hollow :  upon  the  waur  riaing  up  when  we  oonsider  the  eztensTenesa  of 
to  Sw  top  of  the  hollow»  it  would,  it  the  surfkoe  which  this  inland  aea  (aa  it 
oouraa,  run  over  the  lowest  part  of  the  is  termed)  presents,  to  be  acted  upQO 
edge,  and  thua  find  an  outlet,  and  theae  I7  the  atmosphere.  Lake  Aral  ia  nnioh 
oimeta  are,  in  some  oases,  the  begin-  smaller  than  the  Caspian,  but  posieisap 
ntngs  of  very  Ivge  rivers.  As  these  tiie  same  peculiarities,  and.  ntNii  tte 
Ukea  receive  no  stream,  they  must  character  of  the  isthmus  which  scM* 
neoessarily,  in  most  caaea,  be  in  ele-  rates  them,  it  ia  supposed  that  they  nr- 
vated  aituations.  There  ia  one  of  this  merly  composed  one  Ixxly  of  water, 
kmd  on  Monte  Rotondo  in  Coraioa.  They  are  l>oth  sidt  lakes,  and  ava  dia» 
which  ia  9000  fbet  above  thekvel  of  tingubhed  by  marine  productiooa;lhM 
the  sea.  these  circumstances  it  has  been  eo«* 

The  thrd  elaUt  which  embracea  all  feetined  that  they  must, at  awry renota 
thoae  which  both  receive  and  discharge  period,  have  been  connected  widi  tiie 
atreams  of  water,  is  much  more  nume>  Black  Sea.  If  such  a  connectjon  ever 
rous  than  any.  Though  they  are  the  existed,  the  separation  nm  havalMon 
receptedea  of  many  streams  from  the  occasioned  by  an  accumulatioQ  of  aUii- 
neiKnIxNving  country,  they  usually  have  vial  soil,  brought  down  by  tho  liwa 
each  but  one  outlet,  whidi  often  takes  Don  and  Volga, 
its  name  from  the  prindpal  river  that  The  i^enomena  presented  by  aoni 
runs  into  the  lake.  Tlie  laisfevt  lakes  lakes  are  of  a  venr  curioua  kind.  8^ 
^  this  class  are  the  inwnenae  bodias  veral  of  these  bodies  of  vrater  an  p§m 
of  water  in  North  America,  between  HodHoal  in  their  appearance.  In  fn^ 
Canada  and  Uie  United  States.  There  oal  oountries,  owing  to  the  violent  nuia 
are  five,  (Superior,  Michigan,  Haroii»  and  the  overfiowins  of  the  rivers,  apaaee  - 
Erie,  and  Ontario,)  almost  lilw  seaa  in  of  aeveral  hundred  milea  are  oftHio»» 
extent,  connected  together,  and  their  vered  with  water.  South  AnMriea  has 
purity  is  maintained  Dy  means  of  the  large  lakes  which  are  annually  ftmoed 
continual  flow  of  water  which  is  lufgH  in  mis  manner,  and  are  again  dried  19 
up  from  one  to  another.  Their  final  bythe  powerful  evaporation  of  an  eqna* 
outlet  to  the  Atlantic  Ocean  is  the  neat  torial  climate.  Some  lakes  thva  an 
river  St  Laurence.  Lake  BaikaJ,  in  iriiich  periodically  appear  and  dis^tpear, 
Asiatic  Russia,  is  also  remarkable  for  owing  (it  is  thought)  to  their  inmibll 
its  sise ;  it  sends  forth  a  large  stream  oonnexion  with  some  subterranean  re* 
which  joins  the  Yenisei.  servoir,  by  the  alternate  inereasa  nd 

The /oMftA  dau  of  lakes  comprises  a  diminution  of  which  thev  are  neesasai 
very  small  numl)er,  but  they  are  the  rily  influenced.  Lake  Cinasiti  in  Ul^fria 
most  singular  in  their  character  of  alL  u  of  this  description.  The  motions  and 
They  are  those  which  receive  streams  agitations  which  certain  of  these  bodta 
of  water  and  often  great  rivers,  but  of  water  experience  are  more  diffieatt 
have  no  visible  outlet  whatever.  The  to  explain.  Some  of  them  appear  agi* 
most  celebrated  are  the  Caspian  Sea  tated  by  the  escape  of  subterranaooa 
and  Lake  Aral,  both  situated  in  the  gases,  or  by  windn  that  blow  in  aoaw 
west  of  Asia.  The  Caspian  is  between  oavem  with  which  they  commuiueatti 
600  and  700  miles  long,  and,  in  one  part.  Loch  Lomond,  in  Scotland,  and  Lake 
between  300  and  400  miles  in  width;  Wetler,  in  Sweden,  are  often  violeatly 
it  receives  some  very  laree  rivers,  the  agitated  durine  the  calmest  weather. 
chief  of  which  are  the  Volga,  the  Ural  The  floating  iuands  which  exist  in  so* 
or  Yaik,  and  the  Kur ;  yet,  notwith-  veral  lakes,  seem  to  have  been  fbrmed 
standinj^  the  plentiful  supply  of  water  by  the  water  first  undermining  and  then 
which  IS  constantlv  t)eing  poured  into  detaching  from  the  bank  verylight  earth 
it,  it  not  only  exhibits  no  increase,  but  of  the  nature  of  peat ;  sometimes  they 
there  is  strong  reason  to  believe,  from    are  merely  reeds  and  roots  of 


the  appearances  round  its  shores,  that    woven  together.    Those  of  the  lake  of 
its  surface  is  now  much  lower  than  it 
was  at  a  former  period  *.    Many  con- 


*  B/mMiuorol>«enr«ttooa0Uid«wicKtlM  baroiM* 
ter  upoa  the  cowts  of  tkt  Mfml  nm,  |1m  tvfiMt    BlMk  8«a, 


of  tht  CftfptM  wu  iMfrtaiiMd  to  b«  aoC  ftot  btliV 
tluitoftlMBftl(i«,«Bdaisiir845bek»irthaCir  «S 
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Ckrdau,  in  Pnusia,  are  nid  to  rMd  tiiey  are  not  only  enveloped  in  loose 

|>asturige   fbr  one  hundred  heaa   of  nnd«  but  ere  often  inclosed   in  the 

eattle ;  and  in  the  lake  of  Kolk,  in  Osna-  htnlest  rooks.   Every  part  of  the  earth, 

bnick,  there  is  one  which  is  eorcred  every  continent,  every  island  of  any  ex* 

with  elm  trees.  tent,  exhibits  the  same  phenomenon.*' 

(Cwoiefa  Eatay  on  the  Theory  of  the 

On  the  Changet  wMeh  take  place  in  the  Earth,)    The  perfect  state  in  which 

Earth's  Suffaee.-^Action  of  Running  these  shells  are  generally  found,  and  the 

Waiera, — Breaking  down  (/  Coaata,  regularity,  thickness,  and  extent  of  the 

— Encroachment  of  Sonde. — Forni-  beds  that  contain  them,  prove  that  they 

aUon  ftf  New  lalanda. — Voleanoea^r^  could  not  have  been  deposited  in  theur 

EarihqtMhea,  places  bv  anv  temporary  invasion  of 

--         ^.        .  ,       -         ,  .the  sea,  but  that  the  water  must  have 

Peom  the  quiet  and  ijBpilar  succession  remained  there  long  enough  in  a  state 

ofmOmralevenUtowhichweareac^^  ^^  tranquillity,  to  Have  allowed  them 

toroed,and  the  repugnance  we  feel  to  gradualfy  to  deposit  themselves.    Some 

the   idea   that  it  is  possible  for   the  %f  ^^e  /trata  of  marine  formaUon  are 

oouree  of  natv^  to  suffer  inteiruption.  ^^ch  more  recent  than  others;  whUe 

we  might,  without  due  investigation,  j^  ^^e  midst  of  even  the  oldest  s^ta  of 

aim.iet  persuade  ourselves  that  the  phy.  ^^is  kind,  other  strata  appear  full  of 

swal  features  and  condition  of  the  globe  j^j^^  ^r  vegetable  lemdnris  of  land  or 

possess  an  unchangeablecharacter.  So  freehwater  productions.    On  these  ac- 

lar,  however,  ui  this  from  being  the  •'^^^^g  jt  ^*,uld  seem  as  if  the  land. 

MM.  that  there  IS  no  countnr  wherem  ^^^  inhabited  by  man.  had  experienced 

tnoee  are  not  discovera.ble  ofthegre^  ^^^^^  auccesslve  irruptions  wd  re- 

!2?'^l*!I'^T**"^7''K''^T'iu'^^**  treats  of  the  sea.    There  are  also  ap- 

the  earth  has  formerly  been  the  theabre.  pearances  which  lead  to  the  condusi^ 

The  confusion  often  exhibited  in  the  ^^^  ^^e  catastrophes  which  have  occa- 

position  of  the  different  strata  or  layers  .i^^^^  ^^^,3  ch^^t  have  been  sudden 

of  which  the  crust  of  the  earth  is  com-  ^^  ^i^i^n^^    To  numberless  living  be- 

posed,  the  frequent  discovery  of  the  re-  j^^^  ^hey  were  the  messengers  of  de- 

iMUiis  of  animals  and  vegetables  deeply  g^ction,  and  of  many,  the  very  races 

Imned  m  the  Mil,  and  many  other  ap-  have  been  utterly  extinjguished.  Cuvicr, 

pesurances,  testify  that  the  surface  of  the  ^^   celebrated  French    geologist  and 

l^obs  has  undergone  convulsions,  to  the  natural  historian,  from  an  oblation 

Iiroduction  of  which  none  of  the  naturtl  ^  the /o#«7  honea  of  more  than  one 

•gents  with  which  we  are  acquainted  hundred  and  fifty  quadrupeds,  has  de- 

MD  be  regarded  as  adequate;  unl^s  termined  that  upwaHs  of  nmety  of  these 

they  once  wted  m  a  method  and  with  ^^^^^  ^^  o^  l^ind,  tmknoOm  to  na- 

an  extent  of  violence,  of  which  It  IS  un-  turalists.  There  can  be  no  doubt  that  the 

possible  for  us,  by  reference  to  what  evolutions  in  which  these  animals  were 

BOW  exists,  to  form  a  conception.  "The  destroyed,  occasioned  great  changes  of 

^T??^*"^  ?^*^  ^®^^^  P^  ^^  ^®*^  climate  in  many  parts  bf  the  earth,  and 

exhibit  nothing,  even  when  penetrated  that  in  some  instances,  at  any  rate,  the 

to  «  very  great  depth,  but  liomontal  change  took  place  very  rapidly.    FossU 

strata,  composed  ofsubstances  more  or  pjj^g^  ^^  anin,»ls  of  similw  kinds  to 

less  vaned,  and  containmg  almost  aU  g^,^^  ^YMi  stUl  exist  in  warm  regions, 

of  them  mnumerable  numne  produce  y^^^^  b^^  ^und  i„  countries  where  the 

ISofW.    Sumlar  strata,  with  ♦Jie  same  ^^^^  j^  ^^  ^u^h  beyond  what  such 

luKid  of  productions,  compose  the  lesser  y^^^^  ^  capable  of  sustaining ;  and  in 

bills  to  a  considerable  height.    Some-  the  arctic  zone,  the  carcasses  of  large 

times  the  sheUs  are  so  numerous  as  to  quadrupeds  have  been  discovered  en- 

Qonstitute  of  themselves  the  entire  mass  velop^m  the  ice  with  their  skin,  hair, 

of  the  rodi;  Uiey  rise  to  elevations  su-  and^h,  still  remaining,  so  that  the 

penor  to  the  level  of  every  part  of  the  aitmtion  in  the  climate  must  have  oc- 


^                .         1.      J  •     -1  -         u  alteration  in  the  climate  must  have  oc» 

ocean,  and  are  found  inplaoes  whore  ^u,.^  ^jth  such  suddenness,  as  to  pre- 

Ho  sea  could  have  earned  them  at  the  vent  their  bodies  from  being  decomposed 

lire»cnt  day,  under  any  curcumstances;*  by  putrefacUon. 

Such  are  some  of  the  traces  that  bear 

witness  to  the  revolutions  which  the 

aJ^Xi^'iif''iiS:jSi"'A3.?'-'Sai  <Sf^  of  «!«  globe  ha,  undergone. 
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of  the:  immediate  causes  of  which  no-  waves^bf  casting  tip  sasd  xxgaa  fbem^ 

tJ^ng  can  be  declared  with  oertvntf t  assist  in  their  increase,  whole  ptofiuo 

must  hare  lon;^  erased;  but  the  earth  are  created,  cmble,ihmi  their  ndisdL 

has  since  experienced,  and  is  still  expe-  of  yielding,  in  the  hu;he8t  degprae,  to  ti» 

riendng,  changes  of  a  very  perceptuile  support  of  man,  ana  of  being  made  % 

kind,  which  we  shall  now  pipceed  to  seats  of  wealth  and  civilisation* 

notice.  It  has  been  concluded. 


Of  the  several  agents  which  contri-    that  the  greater  part  of  Lower  Kml 
bute  to  these  changes,  water  has  the    owes  its  iormationtotheaIlu¥ialBMmr 
vridest  sphere  of  activity.   In  all  abrupt   brought  down  by  the  Nile,  aided  by  Iki 
and  precipitous  mountains,  fragments    sand  cast  up  by  the  sea.    M.  Ddoomi 
:  of  earth  and  rock  are  continually  falling   has   endeavoiued  to   show  that;  As 
down  .from  the  higher  parts,  owin^to    tongue  of  land  on  whidi   AWiyhi^ 
the  slow,  but  eff^tual  action  of  rams,    was  built,-  (331  years  beine  CbMt 
storms,  &c. ;  and  these  become  roumied   did  not  exist  in  the  dm  of  Hooar;' 
by  rollhie  upon  each  other.  These  frag-    (about  900  B.  C.,)  aqd  that-tiie  Us 
ments  collect  upon  the  sides  and  at  the    Mareotis  was,  at  the  latter  periodt  a 
foot  of  the  mountains,  and,  on  some  oc-   large  gulf  of  the  sea.    In  me  ttat 
casions, when  undermined  bv rivulets*,    of  Stnbo,  the  geognq[iher,  wbo  livsl 
have  been  known  to  slip  dfown  in  im-    about  the  commencement  d  the  Ghiib^ 
mense  masses,  and  by  stopping  up  the   tian  era,  this  sulf  had  been  meloaed  bf 
course  of  rivers,  create  great  devasta-    land,  and  is  <fescribed  as  a  Mf  of  mk 
tion.    But,  without  any  such  extraordi-    leagues  in  length.  More  ccitaiaty«DSll 
naiy  occurrences  as  these,  the  streams    as  to  the  chuiges  that  l»va  oujimi 
that    descend    along    the    flanks   of  since  tiuit  period.    Ilie  sand  thrownip 
elevated  grounds    cany   along    witii   by  the  sea  and  wind  has  ianm  ' 
them  some  portion  of  tne  materials  of  the  site  of  the  ancient  town,  a 
fbar  respective  slopes,  especially  when   tongue,  on  whidi  the  nK>dem  i 
swelled  mto  violence  by  rains  or  the   dria  stands.  •  It  has  blocked  np  fhil 
melting  of  snows;  and  such  as  come    nearest  mouth  of  the  Nile,  and  mjuflsj 
from  mountains  sweep  down  with  them    the  lake  Mareotis  almost  to  notfaiqg; 
even  some  of  the  fra^ents  of  rock  that    while  the  rest  of  the  shore  has  been  veiy 
have  been  collected  m  the  high  valleys,    niuch  extended  by  tiie  oontiniial  dno- 
In  proportion,  however,  as  these  streams    sition  of  alluvial  matter.    In  thelBM 
reach  the  more  level  country,  and  their    of  the  ancients,  the  Canopian  and  Feh- 
channels  become  more  expanded,  they    sian  were  the  principal  mouths  of  Ihs 
deposit  the  fragments  and  stones,  till  at    Nile,t  and  die  coast  ran  in  a  stnMt 
last  their  waters  convey  along  only  par-    line  from  the  one  to  the  other,  ^ras 
tides  of  mud  of  the  mmutest  kind.    If,    water  now  passes  out  chiefly  thnN^ 
therefore,  these  waters  do  not  run  too    the  Bolbitian  and  Phatnitk»  months; 
rapidly  into  the  sea,  or  the  particles  in    and  round  them  the  greatest  depoallioM 
question   do  not  previously  settle  in    have  taken  place,  to  which  the  ooast  is 
some  lake  through  which  the  rivers    indebted  for  its  sweUing  outline.    Tte 
pass,  the  mud  is  deposited  at  the  sides    cities  of  Rosetta  and  Danuetta,  vdnril 
of  their  mouths,  forming  low  groimds,    were  built  upon  these  mouths  ekea  ti 
by  which  the  shores  are  prolonged  and    the  sea,  less  than  1000  years  back»  m 
encroach  upon  the  sea ;  and  when  tiie    now  six  miles  distant  from  it.    Atthi 
..   same  time  that  the  sediment  of  the  Nib 

•  Larre  massei  of  rock  hare,  however,  been  known  OCCasioUS  an  extension  of  the  hmd,  bsCll 

to  detach  themselves*  and  roU  down  from  moantains  the  bed  of  the  rivcr   and  the  eomitrv 

without  any  apparent  cause.  «,k;«u    :         :   j*     ii_  **■«  wwMMVi 

In  Mr.  fiakewell's  Travels,  vol.  I.,  p.  195-208.  ^^^h    IS    penodlCally  COVCTed    by  tOS 

there  is  an  interesting  description  of  tliefaUofa  OVCrfloW   of  the  waters,   are,   fixXB  the 

miles,  and  entirely  buried  five  parishes,  and  the     gl'^ater  ClevatlOn.      As   a  prOOf  of  thli 

town  and  churtfh  of  St  Andrf  Some  of  the  small    elevation  of  the  soiL  it  is  Stated  that  at 

bills  or  rocks,  of  which  the  ruins  consist,  are  at  the  p«;--.     fu>ftwM»   ♦k-.  \!:-«  -./ aiT^  ^^  • 

distance  of  three  and  four  miles  from  the  mountains  ^*»">»  DCtOre  the  TlBe  Of  the  IWSr  V 
from  which  they  were  separated.    This  catastrophe, 

Mr.  Bakewell  remarks,  must  have  been  caused  by     — ^ — — ^__^ 

^LV^^^Kf^^^  *^  ^V***^'  strato.  of  which  the  f  The  Canopiu  or  WMtonunoat  bmHu  wUA 
«L-  S^}JJ.^^  mountain  consists ;  whereby  the  n^d  to  disehaiye  itaelf  into  the  sea  notSrftoTAt 
Z^^^aZXTc  »»»^«  ^'Z*  "n«l«™«.«d.  wd.be-     aito  of  Abouki?.  is  now  lost  in  the  uL?af  kST 

SSnTK  *'''*' '^'"'"*  '*"'"'t^''fM^^?^  '^^     ^  Pelusian.  the  easternmoet  mwA  i  UwjSt 
tte  plain.  There  are  appearances  about  Mont  Grenier     still  exists,  but  in  a  very  in««ifi«al  aSu^ 
Which  threaton  a  renewal  of  the  catastrophe  of  U48.     thn>a(h  tS  lak«  UmaM.  ^^ 


PBTSICA    GEOGRAPHY.  15 

jrorme  to  Bottrdeaut,  uid  which  could    the  sand ;  and  owm^  to  the  bar  formed 
■till  be  seen  forty  years  back,  when  the    across  its   entrance,  it  is  unable,  at 
waters  were  low.    The  river  Adour  is    spring  tides,  to  force  its  way  into  the 
now  turned  to  the  distance  of  more  than    sea,  so  that  it  is  made  to  flow  back  and 
2000  yards  out  of  its  former  course,    inundate  a  considerable  extent  of  land 
The  profipress  of  these  downs  has  been    at  the  head  of  the  bay.    Of  late,  how- 
estimated  at  60  feet  veariy,  and  in  some    ever,  the  great  accumulations  of  sand 
places,  at  72  Ibet ;  at  this  rate,  it  is  cal-    have  disappeared  from  Coubine,  and 
culated  that  it  will  require  2000  years    the  ancient  rich  soil  has,  in  some  places, 
to  enable  them  to  reach  Bourdeaux.  been  left  bare,  from  which  it  is  hoped 
The  coast  of  Elgin  or  Morayshire,  in  that  the  barony  will  again  become  ser- 
Scotland,  also  affords  a  striking  ex-  viceable  land.    Such  a  result  would  be 
ample  of  the  sand-flood ;  an  account  of  rendered  much    more  certain,  if,  by 
which  is  given  among  the  notes  affixed  putting  in  proper  kinds  of  plants,  they 
to  Professor  Jameson's  edition  of  Cu-  were  to  flx  the  surface  of  the  Mavieston 
vier's  Theory  of  the  Earth.    West  of  the  hills,  and  so  prevent  fresh  inroads  of 
mouth  of  the  river  Findhom,  a  district  the  sand  from  that  quarter ;  yet,  not- 
of  more  than  ten  square  miles  in  area,  withstanding  the  destruction  that  has 
(chiefly  included  in  the  barony  of  Cou-  already  happened,  the  inhabitants  are 
bine,)  which,  on  account  of  its  extreme  still  in  the  habit  of  gathering  what  little 
fertility,  was  once  termed  the  granary  bent  yet  remains. 
of  Moray,  has  been  depopulated  and       Tlie   same  drifting  of  sand  occurs 
rendered  unproductive  by  the  shifting  upon  several  parts  of  the  west  coast  of 
of  the  sand-hills.    It  appears  that  the  the  Outer  Hebrides,  and  the  prevention 
irruption  of  the  sand  commenced  about  of  it  has  been  attempted  in  two  ways. 
the  year  1677;  that  in   1697,  not  a  Mr.A.Macleod,  surgeon  of  North  Uist, 
Testige  was  to  be  seen  of  the  manor-  has  invented  the  most  efficacious  plan, 
place,  orchards,  and  offices  of  Coubine,  which  is  that  of  cutting  thin  square 
and  that  two  thirds  of  the  barony  were  turfs  from  the  neighbouring  pasture 
already  mined.    This  irruption  came  grounds,  and  laying  them  down  at  in- 
fi-om  Mavieston,  situated  on  the  shore,  tervals  of  some  inches.    In  the  course 
about  seven  miles  west  from  the  mouth  of  a  few  years  the  turfs  grow  together, 
of  the  Findhom,  where,  from  time  im-  while  the  ^ound,  from  which  they  are 
memorial,  there  had  been  large  heaps  taken,  is  httle  injured,  for  as  the  roots 
of  sand.    These  sands,  which  nad  for-  remain  in  it,  a  new  vegetation  soon  rises 
merly   been  covered  with  vegetation,  up.    The  other  method  was  introduced 
were  set  at  liberty  by  the  inhabitants  by  Mr.  Macleod,  of  Harris,  and  tried 
inconsiderately  pulling  up  the  bent  and  extensively  upon  his  estate :   it  is  to 
juniper  for  various  uses,  and  they  then  plant  smaJl  bundles  of  arundo  arenaria, 
drifted  towards  the  north-east.    When  (sand-reed)  about   a    foot  and  a  half 
the  wind  is  high,  the  flne  particles  are  apart ;  these  take  root  and  prevent  the 
carried  even  across  the  bay  of  Findhom*  drifting,  in  a  certain  de^e. 
In  the  winter  of  1816,  a  large  portion        Another  process,  similar  in  its  efl^eets 
of  the  only  remaining  farm,  on  the  west  to  those  which  have  been  already  de- 
side  of  the  Findhom,  situated  in  the  scribed,  but  much  more  extensively  de- 
line  of  the  sand's  progress,  was  over-  stmctive,  and  depending  solely  upon  the 
whelmed.    The  effects  produced  by  the  action  of  the  wind,  is  the  encroachment 
•and  upon  the  river  have  been,  and  still  of  the  sands  of  tlie  Libyan  desert  upon 
are,  of  a  very  obvious  kind.  Many  years  the  cultivated  lands  of  Egypt.    These 
ago,  its  mouth  having  become  blocked  sands,  driven  by  the  west  wmds,  have 
up,  the  water  cut  out  its  present  more  left  no  soil  capable  of  tiliaf  e  on  any 
direct  channel.  By  this  change,  the  old  parts  of  the  western  banks  of  the  Nile, 
town  of   Findhom,   which  originally  which  are  destitute  of  the  shelter  of 
•tood  on  the  east  side  of  the  river,  was  mountains.    It  would  appear  that,  but 
left  upon  its  western  bank ;  and  the  in-  for  the  ridge  called  the  Libyan  chain, 
habitants,  in  consequence,  removed  the  which  borders  the  left  bank  of  that  river, 
■tones  of  their  houses  across  the  new  forming  to  the  parts  along  which  it  mns 
channel,  and  erected  the  present  village  a  barrier  against  the  sands,  the  western 
on  the  eastem  side.    The  site  of  the  old  shores  of  the  Nile  would,  long  ago,  have 
town  is  now  covered  iy  the  sea.    Even  been  made  uninhabitable.    Ttv^^^^^ 
DOW,  when  the  tide  retires,  the  river  have  given  a  Tos^ivtYvoVj  ^v^X^xc^  ^\  'Csa 
almost  dMppean,  being  absorbed  by  traceawYiKibL\)«axm\xi<^^\d^^T«H«%^ 
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committed  bjr  the  saiid~fhe  rams  of  hardstone;  batifaa^paitofitlieife- 
numerous  cities  and  villages  destrogfed.  taehed  at  a  spot  wbaiA  the  tide  raachM 
and  the  summits  of  the  minarets  of  eveiYday»itisfomidtobefiillofwQnas 
mosques,  being  still  visible  above  the  of  dmSerent  lengths  and  ookrars:  sons 
surikce.  It  is  partly  to  these  resistless  bdng  as  fine  as  a  thread*  and  aesenl 
invasions  of  the  desert  that  the  dedme  ftet  Smx,  of  a  bright  yellowp  and  aone-. 
of  Egypt  from  her  ancient  splendour  times  of  a  blue  colour;  otiien  raaaiAk 
is  to  be  attributed.  snails,  and  some  are  not  unlike  lobalers 

The  formation  of  jiew  islands  (to.  in  shape,  but  soft,  and  not  abovatao 

whidi  allusion  has  been  made  in  a  pre-  inches  long. 

ceding  part  of  this  treatise)  constitutes       ^The  growth  of  coral  appears  to  cmN 

a  distmct  and  interesting  class  among  when  the  worm  is  no  longer  expoeedto 

the  changes  to  which  the  surface  of  tibe  the  washing  of  the  sea.    Thus^  a  verf- 

dobe  is  subject     Those  which  have  risesin  theformof  acauliflowcr»tillilB 

been  raised  up  by  volcanic  agency  are,  top  has  gained  the  level  of  the  luglisit 

comparatively,  few  \  but  those  of  coral,  tmes,  above  which  the  worm  has  as 

whtcn  owe  their  origm  to  marine  insects,  power  to  advance,  and  the  reeC  of 

(of  thedassof  xoo{^ytesorp2aii/-<iitf-  course,  no  longor  extends  itself  vp- 

maU)  are  innummole.     Of  the  dif-  iraxds.    The  other  parts,  in  soecassioa» 

ierent  coral  tribes,  the  most  abundant  is  reach  the  surfEbce,  uid  ttec  sfcon,  fima- 

that  named  the  madrepore.    It  is  most  ing,  in  time,  a  level  field  wim  steep 

common  in  the  troj^cal  seas,  and  de-  sides  aU  round.    The  reet  howtver, 

creases  in  number  and  variety  towards  continually  increases,  and  being  pn- 

the  poles ;,  it  sunrounds,  in  vast  rocks  vented  from  going  higher,  eiteo£  itsdf 

and  reefr,  many  of  the  rodcy  islands  of  laterally  in  all  directkma.     Bnt  this 

the  South  Sea  and  Indian  Ooean,and  growth  bdng  as  rapid  at  the  upper  edge 

increases  their  use  bv  its  daily  growth,  as  it  is  lower  down,  the  steepness  ef 

The  coasts  of  the  islands  in  the  West  the  fitee  of  the  reef  is  still  pneerfed. 

Iw^es,  of  those  to  the  east  of  Africa,  These  are  tiie  circumstances whidirai- 

and  the  shores  and  ^oals  of  the  Red  der  coral  reefr  so  dangerous  in  naviga- 

Sea,  are  endrcled  with  rocks  of  coraL  tion ;  for,  in  the  first  pkoe,  ^they  an 

Several  navigators  have  furnished  us  seldom  seen  above  the  water ;  and  m 

with  accounts  of  the  curious  manner  in  the  next,  their  sides  are  so  stero,  that  a 

whieh  these  formations  take  place :  the  ship*s  bows  may  strike  against  the  roek; 

following  is   extracted  from  Captain  h^re  any  change  of  soundings  has 

Basil  Hairs  narrative  of  his  voyage  to  given  warning  of  the  dan^.** 
the  I<oo  Choc  islands : —  Captain  Flmders,  who,  m  1801,  mads 

**  The  examination  of  a  coral  reef,  a  survey  of  the  coasts  of  New  Holland, 

during  the  different  stages  of  one  tide,  is  has  some  observations  upon  the  fona- 

particularly  interesting.  When  the  tide  ation  of  coral  islands,  particularly  d 

has  left  it  tor  some  time,  it  becomes  dry.  Half- Wa^  island,  on  the  north  coast  of 

and  appears  to  be  a  compact  rock  exceed-  that  region,  which  show   how,  aits 

ingly  hard  and  rugged ;  but  as  the  tide  l)einff  raised  up,  they  ^aduaJ^  acqniM 

rises,  and  the  waves  bc^n  to  wash  over  a  soQ  and  vegetation : — 
it,  the  coral  worms  protrude  themselves       '*  This  little  island,  or  rather  the  sw- 

from  holes  which  were  before  invisible,  rounding  reef,  which  is  three  or  fiiar 

These  animals  are  of  a  ^reat  variety  miles  long,  affords  shelter  fitxa  tiii 

of  shapes  and  sizes,  and  m  such  pro-  south-east  winds ;  and  being  at  a  no- 

digious  numbers,  that,  in  a  short  time,  derate  day*s  run  from  Murra/s  Isks, 

the  whole  surface  of  the  rock  appears  it  forms  a  convenient  anchorage  for  lbs 

to  be  alive  and  in  motion.    The  most  night  to  a  ^ip  passing  througii  ToRCif 

common  of  the  worms  at  Loo-Choo  Strait — I nnmea it HMf-UHtyMmd,  U 

is  in  the  form  of  a  star,  with  arms  is  scarcelv  more  than  a  mile  in  cireaoH 

from  four  to  six  inches  long,  which  are  ference,  but  appears  to  be 

moved  about  with  a  rapid  motion,  in  both  in  elevation  and  extent.    At 

all  directions,  probably  to  catch  food,  very  distant  period  of  time,  it  was 

Others  are  so  sluggish,  that  thev  may  of  those  l)anks  produced  by  the  wasfaina 

be  mistaken  for  pieces  of  the  rock,  and  up  of  sand  and  broken  coral,  of  wlw 

are  generally  of  a  dark  colour,  and  from  most  reefs  afford  instances,  and  those 

four  to  five  inches  long,  and  two  to  of  Torres*  Strait  a  great  many.    These 

three  round.  When  the  coral  is  broken,  banks  are  in  different  stages  of  pv^ 

about  high  water  marie,  it  is  a  sohd  gress;  some,  like  this,    art  ' 
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islands,  but  not  yet  habtttble;  some  heaviest  gales.  I  distinguished,  how- 
are  al>OYe  high- water  mark,  but  desti-  ever,  in  the  rock  which  forms  its  basis, 
tute  of  vegetation;  whilst  others  are  the  sand,  coral,  and  shells,  formerly 
overflowed  with  every  returning  tide.  thrown  up,  in  a  more  or  less  perfect 

"  It  seems  to  me,  that  when  the  ani-  state  of  cohesion.  Small  pieces  of 
malcules  which  fonn  the  corals  at  tiie  wood,  pumice  stone,  and  other  extra- 
bottom  of  the  ocean  cease  to  live,  their  neous  bodies  which  chance  had  mixed 
structures  adhere  to  each  other,  by  .with  the  calcareous  substances  when 
virtue  either  of  ^e  glutinous  remains  the  cohesion  began,  were  inclosed  in  the 
within,  or  of  some  property  in  salt  rock,  and,  in  some  cases,  were  still 
water;  and  the  interstices  being  gra-  separable  from  it  without  much  force, 
dually  filled  up  with  sand  and  broken  The  upper  part  of  the  island  is  a  mix- 
pieces  of  coral  washed  by  the  sea,  which  ture  of  the  same  substances  in  a  loose 
also  adhere,  a  mass  of  rock  is  at  length  state,  with  a  little  vegetable  soU ;  and  is 
formed.  Future  races  of  these  animal-  covered  with  the  casuarina  and  a  va- 
cules  erect  their  habitations  upon  the  riety  of  other  trees  and  shrubs,  which 
rising  bank,  and  die  in  their  turn,  to  give  food  to  parroquets,  pigeons,  and 
increase,  but  principally  to  elevate  this  some  other  birds  ;  to  whose  ancestors, 
monument  of^  their  wonderful  labours,  it  is  probable,  the  island  was  originally 
The  care  taken  to  work  perpendicularly  indebted  for  Uiis  vegetation.** 
in  the  early  Stages  would  mark  a  sur-  It  has  been  generally  believed  that 
prising  instmct  in  these  diminutive  crea-  the  deep  perpendicular  reefs,  very  near 
tures.  Their  wall  of  coral,  for  the  most  to  which  the  sounding  line  finds  no 
part  in  situations  where  the  winds  are  bottom,  consist  wholly  of  coral ;  but 
constant,  being  arrived  at  the  surface,  MM.  Quoy  and  Gaimard  have  adduced 
affords  a  shelter,  to  leeward  of  which  veiy  satisfactory  reasons,  to  prove  that 
their  infant  colonies  may  be  safely  sent  the  zo5phytcs,  far  from  raising  from 
forth ;  and  to  this,  their  mstinctive  fore-  the  depths  of  the  ocean  perpendicular 
si^t,  it  seems  to  be  owing,  that  the  walls,  form  onl}^  layers  or  crusts  of  a 
windward  side  of  a  reef  exposed  to  the  few  fathoms  thickness.  They  remark 
open  sea  is  generally,  if  not  always,  the  that  the  species  which  always  construct 
highest  part,  and  nses  almost  perpen-  the  most  considerable  banks  require  the 
dicular  from  the  depth  of  many  fathoms,  influence  of  hght  to  perfect  them ;  and 
To  be  constantly  covered  with  water  it  is  well  known,  that  all  those  steep 
seems  necessary  to  the  existence  of  the  walls  common  in  the  equatorial  seas, 
animalcules,  for  they  do  not  work,  except  are  intersected  with  narrow  and  deep 
in  holes  upon  the  reef,  beyond  low-water  openings,  through  which  the  sea  enters 
mark ;  but  the  coral,  sand,  and  other  and  retires  with  violence ;  whereas,  if 
broken  remnants  thrown  up  by  the  sea,  they  were  entirely  composed  of  madre- 
adhere  to  the  rock,  and  form  a  solid  pores,  they  would  have  no  such  open- 
mass  with  it,  as  high  as  the  common  mgs  between  them,  since  it  is  the  pro- 
tides  reach.  That  elevation  surpassed,  p^ty  of  zoophytes  to  build  in  masses 
the  future  remnants,  being  rarely  co-  that  have  no  interruption.  It  is  besides, 
vered,  lose  their  adhesive  property ;  and  difficult  to  suppose  that  these  animals 
remaining  in  a  loose  state,  form  what  is  can  support  such  different  degrees  of 
usually  called  a  J^tfy,  upon  the  top  of  pressure  and  temperature  as  they  neces- 
the  reef.  The  new  bank  is  not  long  in  sarily  must,  if  they  exist  at  such  difiercnt 
being  visited  by  sea-birds :  salt  plants  depths  in  the  ocean.  It  is,  therefore, 
take  root  upon  it,  and  a  soil  begins  to  most  reasonable  to  conclude  that  the 
be  formed ;  a  cocoa-nut,  or  the  drupe  summits  of  submarine  hUls  and  moun- 
of  a  pandanus,  is  thrown  on  shore;  tains  are  the  bases  upon  which  the 
land  birds  visit  it,  and  deposit  the  seeds  zoophytes  form  layers  and  raise  up  their 
of  shrulM  and  trees;  every  high  tide,  fabrics;  a  supposition  which  perfectly 
and  stiU  more  every  gale,  adds  some-  accounts  for  the  great  depth  of  the  sea 
thing  to  the  bank ;  the  form  of  an  island  dose  to  the  recK  and  islands  which 
is  graduaUy  assumed ;  and  last  of  all,  they  have  elevated  to  the  surface  of  the 
eomes  man  to  take  possession.  water. 

*'  Half-way  Island  is  well  advanced        The  changes  occasioned  by  the  erup- 

in  the  above  progressive  state ;  having  tions  of  volcanoes  are  very  consider'ah\.f 

been  many  years,  probably  some  a^,  near  the  seat  oi  acWoxv^V^xsXWx^  ^^^^r^v^ 

above  the  reach  of  the  highest  spring  over  a  less  exteasvs^  tk!^<\  ^^'dxv  ^tv>j  ^^ 

tidei^  cr  the  wash  of  the  awrf  in  the  ttioae  v?Yuch  Y\ave  n^  \>^«ii  xGLe:c^^^'c^'^« 


It  rarSIOAL  OXOQRikPHT. 

Thd  pmetptl  tIMi  of  the  bwne  of  rab*  to  JoruDo :  vet,  thooih    it  mvBJDi  be 
torraneui  fires  is  the  elevation  of  the  rethcr  hasarcfous  to  adopt  such  a  con- 
siirftuse  of  the  surrouiidiiii:  country ;  dusion,  it  is  certain  that  those  moun- 
and  the  site  of  the  mountains  them*  tains  must  have  reoeived  a  vast  increase^ 
selves  must  have  been  prodigiously  in-  both  in  sise  and  elevation,  at  and  since 
ereased  by  the  matter  thrown  up  durinf  the  period,  whenever  that  nav  have 
suooeesive  eruptions.     Some,  indeed  been,  a;twhidh  the  subterranean  nre  first 
have   gone  so  fiur  as  to  assert  that  opened  a  passage  through  them, 
volcanoes  are  mUrdy  farmed  of  thie        Owing  to  the  repeated  dischargee  of 
matter ;  but  even  if  we  could  admit  such  matter  upon  their  surface,  and  tha  vio* 
a  theory,  with  respect  to  the  isolated  lent  concussions  to  which  they  ere  sub- 
volcanoes  of  Europe,  Asia,  and  the  jeet,  the  external  appearance  of  vokanie 
African  iidands,  it  would  be  imposidhle  mountains  is  continually  Yeiyipg*    Ttiis 
to  extend  it  to  those  immense  masses  is   particulariy   the   case  with   Etna, 
in  America  (Cotopaxi,  Pichincha,  fite.)  Amon||[  the  accounts  of  those  who  have 
which  are  parts  of  the  great  western  visited  it,  it  would  be  difBeuU  to  find  two 
chain  of  that  continent.     There  are,  that  at  all  agree  as  to  the  aapcet  ci  the 
nevertheless,  very  good    grounds    for  great  crater  and  the  diiierent  eminences 
oonduding  that   many  volcanoes  owe  about  the  summit  of  the   mountain, 
their  formation  to  the  etfiects  of  the  fires  New  chasms  on  the  sides  also  have,  at 
to  which  they  give  vent,  and  that,  pre-  various  periods,  been  opened,  and  new 
vious  to  the  first  appearanoe  of  those  cones  raided  up :  Monte  Ruaao,  thrown 
fires,  there  were  no  mountains  in  the  up  firom  a  plain  during  the  fiimoue 
places  which  the  volcanoes  in  quostion  eruption   of   1669,  was  estimated  by 
now  occupy.    It  would  seem  that  the  Spallanxani,  in  1 788,  at  two  milea  in 
breaking  out  of  a  volcano,  where  none  circumfisrenoe,  and  (somewhat  vaguialyl 
hefbre  existed,  is  preceded  by  a  iwelling  at  160  paces  in  height, 
or  heaving  up  of  the  crust  of  the  earth.       The  lava,  stones,  and  ashes  spread 
owing  to  the  expansive  force  of  the  over  the  neighbouring  country  by  vol-, 
heat,  and  this  explains  the  cause  of  new  canoes  materially  devate  its  aurftoa 
votosnic   idands  sometimes  emerging  The  complete  burid  of  the  ancient  dtiea 
suddenly  from  the  sea.    The  phenome-  of  Herculaneum  and  Pompeii  by  the 
non  of  the  sweUinsr  up  of  the  ground  matter  ejected  from  Vesuviua,  in  the 
was   strikinvrly  exemplified    when  the  eruption  or  the  year  79,  is  a  circum^ 
volcano  of  Jorullo,  m  Mexico,  arose  stance  famihar  to  dmost  every  one 
out  of  the  pUin  des  Playas,  in  the  The  excavation  of  these  cities  in  moderd 
month  of  September,  1759.    According  days  has  brought  some  interesting  facts 
to  the  representation  of  this  mountain,  to  light ;  the  ruins  of  Herculaneum  wertt 
annexed  to  the  third  volume  of  M.  found  at  a  depth  of  70  feet  below  the  sur- 
Humboldt's    Persond    Narrative,  the  face  of  the  ground;  and  from  the  number 
rdsed  up  portion  of  the  pldn  is  about  of  distinct  strata  of  lava,  one  above  tha 
two  miles  in  length,  and  m  one  part  as  other,  each  covered  with  a  layer  of  rich 
much  as   850    feet  above  its  andent  mould,  it  appeared  that  streama  of  thai 
level;  from   this    part   the    cone   of  substance  from,  at  least,  dx  diftrent 
the  volcano  shoots  up    covered  with  eruptions  had  )  assed  over  it  ainoe  the 
ashes    to  a  further  devation   of  830  one  which  occasioned  its  destruction^ 
feet    The  raised  up  ground  is  covered        Vast  masses  of  earth  sometimea  sink 
with  thousands  ot  small  volcanic  cones,  down  dui  ing  volcanic  eruptions.    In  the 
from  6  to  10  feet  high.    AVe  have  thus  island  of  Timor,  a  volcano  of  conaidera- 
an  instance  of  a  mountain  1680  feet  in  ble  elevation  is  said  to  have  suidt  into 
elevation  above  the  plain  upon  which  it  the  ground,  leaving  a  muddy  marsh  in 
stands,  having   been    entirely   lormed  its  place.     The  Pijqpanduyang^  dtuated 
by  the  heaving  up  of  the   earth  vihen  towards  the  western  extremity  of  Java, 
the  fire    onginally  broke   out,  and  by  was  formerly  one  of  the  largest  volcanic 
the  accumulation  of  matter  which  has  mountains  of  the  island,  but  the  greatest 
since    gathered    rou:id   the    principd  part  of  it  was  swallowed  up  in  t mi  eaitb 
vent  of  the  eruptions.    But  the  know-  in  the  year  1772.     It  is  asserted,  tliat, 
ledge  of  such  an  instance  as  this  does  on  the  night  of  this  event,  an  uncom- 
not  of  necessity  lead  to  the  conclusion  monly  luminous  doud  was  seen  to  ea- 
that  mountains  so  large  as  Etna,  and  vek)p  the  mountain.    Alaimed  by  tills 
many  other  volcanoes,  have  been  entirdv  appearance,  the  inhabitants  on  the  de» 
created  by  the  process  which  gave  birth  ouvities  and  about  the  loot  of  the  movii* 
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tain  took  to  fiiiKht,  but befbre  tteyeould  these  meteriels  ezisl  hi  niftoient  qiian« 

all  save  themtelTeSyitbep^  to  give  way,  tity  in  the  interior  of  the  earth,  and  a 

and  the  greatest  part  of  it  achially/?//  sidBcient  body  of  water  be  admitted  to 

m  and  disappeared  in  the  earth.  A  tre-  them,  judging  from  the  violent  efTeots 

mendous  noise,  and  the  discharge  of  on  a  small  scale  which  we  are  able  to 

showers  of  vok»iue  substances,  accom-  produce  by  eiq^eriments,  a  heat  would 

panied  this  commotion.  It  is  estimated,  be  engendmd  quite  adequate  to  oeea« 

that  an  extent  of  ground,  of  the  moun-  sion  all  that  takes  ]^ace   in  volcanie 

tain  itself  and  its  immediate  environs,  eruptions.  Now,  under  this  hypothesis, 

15  miles  kmg  and  6  broad,  was  swal-  it  is  requisite  that  water  should  have 

lowed  up  in  the  l)owels  of  the  earth.  access  to  the  metallic  bases,  and  it  is  a 

Of  the  origin  of  the  volcanic  fire,  no-  curious  fact  that  nearly  all  active  vol- 

thing,  of  course,  can  be  affirmed  with  cer-  eanie  groups  are  within  a  short  distance 

tain^;  but  several  eirolanations  have  of  the  sea;  while  even  those  in  South 

been  offered,  more  or  less  satisfactory.  America,  which  must  be  excepted  from 

An  attentive  observance  of  the  pheno-  this  remark,  are  in  a  range  of  moun« 

mena  connected  with  eruptions,  and  a  tains  approaching  in  parts  close  to  the 

dose  examination  of  the    substances  sea.    Mxtinet  volcanoes,  it  is  true,  are 

ejected,  are  necessary  to  the  attainment  found  in  situations  quite  beyond  the 

cif  any  correct  views  upon  the  subject  access  of  the  present  ocean;  but  in  the 

It  has  been  a  very  |E;enerally  received  remote  and  unknown  periods  of  their 

opinion  that    volcanic  eruptions    are  activity,  it  may  reasonaMy  be  inferred 

caused  by  the  spnontaneous  combustion  that  they  were  near  the  ocean,  if  not  al- 

of  pyrites ;  and  in  support  of  this  so-*  together  beneath  its  surface.    A  further 

lution  are  cited  the  experiments  which  argument  in  frivour  of  the  present  view 

have  been  made  with  sulphur  and  iron  is,  that  all  the  products  which  chemists 

filings.    A  mixture  of  these  substances,  know  to  be  the  result  of  the  admission 

alter  being  moistened,  has  been  buried  of  sea-water  to  the  metallic  bases,  ap- 

in  the  ground,  where  it  became  gradu-  pear  under  some  form  or  other  in  every 

ally  heated,  and  at  length  took  fire,  with  volcanic  eruption, 
a  loud  explosion.   The  theory,  however,        EarthquakeM  appear  to  be  brought 

which  ascribes  volcanic  action  to  the  about  by  the  same  causes  as  volcanic 

infiammation  of  beds  of  coal,  sulphur,  eruptions,  but  their  action  is  much  more 

or  other  matters,  near  the  sur&ce  of  the  tremendous  than  that  of  the  latter.  They 

earth,  has  latterly  met  with  less  support,  are  frequently   accompanied    by  loud 

and  powerful  arguments  may  be  urged  suliterraneous  noises,  and  are  sometimes 

against  it.  The  great  masses  of  inflam-  so  violent  that  the  ground  heaves  up, 

iMble  materials  are  confined  to  the  and  undulates  like    an    agitated  sea. 

secondary  and  superficial  strata ;  while.  They  are  felt  almost  at  the  same  instant 

on  the  contrary,  there  can  be  no  doubt,  over  a  most  astonishing  extent ;  though 

that  the  seat  of  volcanic  fire  lies  far  happily,  compared   with  this   extent, 

below  the  surfiace  of  the  earth,  both  their  destructive  ravages  are  confined 

firam  the  nature  of  the  substances  cast  within  a  small  range.    In  those  parts 

out  hy  volcanoes,  and  the  circumstance  which  appear  to  l>e  near  the  centre  of 

of  the  immense  quantity  of  matter  that  their  action,  the  most  calamitous  eifiects 

has  proceeded  from  many  of  them ;  sometimes  occur ;  whole  cities  are  de- 

foeh  a  quantity  as,  had  it  been  with-  stroyed,  and  their  inhabitants  buried 

^mwn  from  the  parts  near  the  surface,  beneath  tfie  ruins ;  the  surface  of  the 

would,    long    smce,  have   occasioned  ground   undergoes    violent    changes ; 

those  mountains  to  sink  down  and  dis-  ^rings  sie  stopped,  and  others  gush 

appear.    A  different  theory  has  been  out  in  new  places ;  fissures  are  made  in 

lately  brought  forward  to  accoimt  for  the  earth ;  and  enormous  masses  of  rock 

the  volcanic  fire,  and   is  well  set  forth  and  other  materials  sink  down,  or  are 

and  supported  in  a  recent  treatise  by  detached  ftojxk  the  mountains.    Hy  the 

Dr.  Dauoeny,  Professor  of  ChemistiTf  earthquake  experienced  in  Chili  in  1 822, 

IB  the  University  of   Oxford.     It  u  a  great  line  of  coast  is  stated  to  have 

fimmded  upon  the  metallic  nature  of  the  bM  Med  permanently  up,  to  the  height 

bases  of  tne  earths  and  alkalies,  and  of  several  net  above  its  former  level ; 

tfie  avidity  with  which  these  combine  iMiiile,  in  the  interior  of  the  country, 

with  oxygen,  producing  in  that  com-  fissures  were  made  in  the  granite  trans- 

bination  a  high  temperature  and  strong  versely  to  the  direction  of  the  earth- 

laAanmtation.     It  is  supposed,  that  3  quake. 
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It  is  gttwraltf  nmpoMd  that  earth-  Om  the  Oeeanr-iU  SaUmea^  ami  Mk 

quakei  are  produoed  l^  tlie  disengage-  peraiure,  Tidm,  amd  CmrrmU%, 
ment  of  elastie  yapours,  which,  endia- 

Youring  to  escape  from  their  confine-  That  vast  bodf  of  wator  wUeh  sor- 

mentTheaYe  19  and  agitate  the  crust  of  rounds  the  continents,  and  is  the  com? 

theearth.    No  doubt  can  exist  of  their  mop  receptacle  of  their  nmniiig  watmb 

ooonezion  with ▼oloanie eruptions;  their  is  indimnsabty  necessary  to  ue  sQ|k 

ftequency  in  oountzies  where  the  latter  port  of  animal  and  VMlable  exisU 


otber,    somebmes    at  great  distances  pours  wnicn  ue  annospnere  draws  up 

i^Mzt,  tend  to  establish  such  a  coo-  from  its  surftce,  being  oondeoeed  and 

section.    This  is  fbrther  shown  by  the  dispersed  throu(^  the  upper  r^gksM, 

cinnunstsnoe  of  the  ■ho«»irf  of  esrth*  fonn  douds,  which  are  the  aouree  of  a 

quakes  being  most  severs  in  places  dis^  constant  suj^ly  of  rain  and  nuMstare  to 

tant  from  volcanoes;   as  if  the  latter  the  land.      The  ocean  alao^  bgr  the 

were  the  means  of  giving  vent  to  that  fiusilities  fat  communicatioB  which  k 

dastic  f<»oe,  which,  whenpent  up,  causes  0 fflars,  is  the  means  of  unitiiv  the  most 

suQh  dreadftil  ravages.     It  is  also  wor-  distant  nations,  while  it  eaahles  thesi 

thy  of  notice,  that  tlK>ugh  earthquakes  to  interchai^  with  •""♦«-i  •-•— «*— ^ 


of  ccmtinents,  their  terrible  effects  occur  metes, 
chiefly  along  the  coasts,  as  exempted  The  bottom  of  the  tea  appears  to 
in  the  earthquakes  of  lima,  of  Lisbcni,  have  similar  inequalities  to  the  suftes 
of  Caraocas,andmanyothm.  of  the  continents;    the  depth  of  the 
Such  are  the  principal  changes  whidi  water  is,  therefore,  extremely  variooL 
the  sur&ee  of  the  j^obe  is  now  under-  There  are  vast  spaces  where  no  bottom 
gomg.    It  is  evident,  notwithstanding  has  been  found,  but  thia,  of  courM, 
what  some  have  beenincBned  to  assert,  ^oes  not  prove  that  the  sea  is  bottom- 
that  they  could  not  have  brought  about  !«•••  because  the  line  is  ahfo  to  readi 
those  srand  revolutions  whkh  formed^  hut  a  comparatively  small  depth.  -  Lord 
visited  the  euth,  and  in  which  such  Mulgrave,  in  the  Northon  Ocean,  let 
multitudes  of  the  animal  race  were  con-  ^ovm  a  very  heavy  sounding  lead,  and 
signed  to  destruction.    The  whole  of  gave  out  with  it  nearlv  4  700  feet  of  rope 
them  are  insufficient  to  alter,  in  any  per-  without  finding  the  bottom ;  and  Mr. 
ceptible  degree,  the  level  of  the  sea,  still  Scoresby  mentions  having  sounded  ia 
less  to  have  occasioned  an  overwhelm-  the  Greenland  sea  as  much  as  7200 
ing  of  the  land  by  that  element.    Some  f^-    Such  experiments,  however,  must 
philosophers  have  endeavoured  to  prove  he  of  very  doubtfid  character;   it  is 
that  a  gradual  and  general  lowering  of  well  known   how   much   more  easily 
the  level  of  the  sea  tdces  place,  and  have  bodies   may  be  moved   along  in  the 
appealed  to  certain  observations  which,  water  than  in  the   atmosphere,  and, 
ii  correct,  tend  to  establish  the  fact  of  consequently,  any   current   woukl  be 
a  diminution  of  the  waters  along  the  sufficient  to  carry  the  lead  with  it,  and 
northern  shores  ot  the  Baltic.    But  it  "o  draw  the  rope  out  of  a  perpendicukr 
must  not  be  forgotten,  that  though  in  direction.     If  we  were  to  round  oar 
some  places  the  ocean  has  retired,  or  opinion  upon  analogy,  we  might  con- 
sunk  in  level,  in  others  it  has  encroached  elude  that  the  greatest  depth  of  the 
upon  the  land;  while  it  is  known  that  ocean  is,  at  least,  e<][ual  to  the  height  of 
many  harbours  of  the  Mediterranean  the  loftiest  mountains,  that  is,  between 
have  preserved  exactly  the  same  level  20,000  and  30,000  feet, 
since  the  time  of  the  ancients.     It  is  The  level  of  the  sea,  if  it  were  not  for 
plain,  therefore,  that  all  variations  upon  the  action  of  external  disturbing  causes, 
the  coasts  of  the  ocean  are  merely  of  a  would  be  the  same  everv  where  at  the 
local  kind,  and  that  if  the  difierent  ac-  ><^°^  instant,  owing  to  the  equal  pies* 
counts  are  balanced,  we  must  arrive  at  '^^^  exerted  by  the  particles  of  a  fluid 
the  conclusion,  that  the  general  volume  ^pon  each  other  in  eveiy  direction.  The 
of  the  ocean,  and  perhaps  even  its  su-  %ure  assumed  by  the  ocean  would,there- 
perficial  extent,  suffer  neither  increase  fore,  exhibit  the  true  sur&ce  of  our  planet* 
nor  diminution.  that  of  an  oblate  spheroid.  But  it  is  evi- 
dent that  no  genml  level  of  thia 


can  ever  exist,  because  the  tide  at  aijf 
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gven  moment  is  at  veiy  different  heidits 
different  parts  .of  ^  ocean.  The 
level  is  also  continually  being  disturbed 
l^  the  operation  of  the  wind  in  particular 
regions.  Independent,  however,  of  these 
drcumstanoes,  it  would  appear  that  in 
gulfs  and  inland  seas  which  have  only 
a  slight  conmiunication  with  the  ocean, 
the  level  of  the  water  is  usually  more 
elevated  than  in  the  latter.  This  seems 
to  be  more  especially  the  case  if  the 
only  openings  of  these  gulfs  are  to- 
wards the  east ;  and  it  is  attributed  with 
reason  to  the  accumulation  which  arises 
fh>m  the  water  being  driven  into  these 
confined  inlets  by  me  general  move- 
ment of  the  sea  from  ^ust  to  west,  a 
movement  to  which  allusion  will  be 
made  presently.  When  the  French  en- 
gineers were  in  Egypt,  they  made  ob- 
servations, according  to  which  the 
waters  of  the  Red  Sea,  on  the  east  side 
of  the  isthmus  of  Suez,  were  32|  feet 
higher  than  those  of  tiie  Mediterranean 
on  the  opposite  shore  of  the  same  isth- 
mus. M.  Humboldt  made  observations 
of  a  similar  kind  upon  the  isthmus  of 
Panama,  and  his  conclusion  is  that  the 
waters  of  the  Gulf  of  Mexico  are  from 
20  to  23  feet  higher  than  those  of  the 
Pacific  on  the  other  side.  Of  certain 
inland  seas  the  level  varies  with  the 
seasons ;  the  Baltic  and  the  Black  Sea, 
which  are  in  fact  almost  lakes,  swell  in 
the  spring,  from  the  abundance  of  water 
brought  down  to  them  at  that  period  by 
the  rivers. 

The  general  colour  of  the  sea  is  a 
deep  Inuish  green,  which  becomes 
clearer  towards  the  coasts.  This 
colour  is  thought  to  arise  entirely 
from  the  same  cause  as  the  azure  tint 
of  the  sky ;  the  rays  of  blue  light,  being 
the  most  refrangible,  pass  in  the  greatest 
quantity  through  the  water,  wmch,  on 
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account  of  its  density  and  depth,  makes 
them  undergo  a  strong  refraction.  The 
other  colours  exhibit^  in  parts  of  ihe 
sea  depend  on  causes  which  are  local, 
and  sometunes  deceptive.  The  Medi- 
terranean in  its  upper  part  is  said  to 
have  at  times  a  purple  tint.  In  the 
Gulf  of  Guinea  the  sea  is  white ;  around 
the  Maldive  Islands  it  is  black ;  and  in 
some  places  it  has  been  observed  to  be 
red.  These  appearances  are  probably 
occasioned  by  vast  numbers  of  minute 
marine  msects,  bjr  the  nature  of  the 
soD,  or  by  the  infusion  of  certain  earthy 
substances  in  the  water.  The  green 
and  yellow  shades  of  the  sea  proceed 
frequently  from  the  existence  of  marine 
vegetables  at  or  near  the  surface. 

The  water  of  the  sea  contains  several 
extraneous  substances,  in  proportions 
varying  in  different  places.  The  com- 
ponent parts,  in  addition  to  pure  water, 
are  commonly  muriatic  or  marine  acid, 
sulphuric  acid  (vitriol),  fixed  mineral 
alkali,  magnesia,  and  sulphated  lime* 
By  boiling  or  evaporation  in  the  air^ 
common  salt  (muriate  of  soda)  is  ob- 
tained, which  for  salting  meat  is  pre- 
ferred to  the  salt  of  springs.  The  salt- 
ness  of  the  sea  appears,  with  some  local 
exceptions,  to  be  less  towards  ^e  poles 
than  near  the  tropics;  but  the  differ- 
ence is  veiy  slight,  and  perhi^s  the  ob- 
servations made  are  not  sufficienUy  nu- 
merous to  justifj^  any  positive  general 
conclusions.  It  is  probably  occasioned 
by  the  meltmg  of  me  ice  in  the  polar 
seas.  Dr.  Thomson  {Work  on  Che^ 
mUtry)  states  the  proportion  of  salt  in 
water  taken  up  by  Lord  Mulgrave  at 
the  back  of  Yarmouth  sands,  at  3.125 

ST  cent,  of  the  weight  of  the  water, 
e  also  gives,  from  the  accounts  of  dif- 
ferent observers,  the  following  propor- 
tions : — 


N.  Ut.  80^  (60  &thoins  under  ice)  3.54  per  cent. 

60  „  „  3-40 

45  „  „  4-00 

39  n  n  ^^* 

34  »  »  do. 

14  ti  M  do. 


t 

9 


cent. 

S.Ut. 

490 

50' 

4*16  percent 

»      • 

u 

46 

450        „ 

a 

i» 

40 

30 

400        „ 

M 

25 

54 

do.         „ 

n 

y 

20 

3-90        „ 

91 

n 

1 

16 

3-50        „ 

n 

Mr.  Scoresby,  in  north  latitude  77°  40', 
and  east  longitude  2°  30',  fouiid,  in  a 
quantity  of  water  taken  from  the  sur- 
&ce,  tne  proportion  of  saline  matter 
d'56  per  cent.  A  statement  in  the  Edin- 
burgh Philosophical  Journal  gives  the 
proportion  in  north  lat.  64°  26',  east 
lo^g.  (P  38^,  3'54  percent;  in  north  Ut. 


78}°,  east  long.  6}°,  3'88  ;  and  in  north 
lat.  78° 35',  east  long.  6°  327.  Some 
observations  which  have  been  made 
tend  to  prove  that  the  sea  is  less  salt  at 
the  surface  than  towards  the  bottom. 

The  following  tabl^  <^1  ^Jwi  ^-t's^'cst- 
tionai  spec\!£vc  ^«un Wi'ts  q\  $i\^<Kc«ciX>K\sx^ 
of  wato«  cx^Vaiav^  >^  x^^wiw  ^"^  XiiwSiM^ 
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bciiii^  10  nmdi  mon  bnofMit  in  liii  Mft 
Umui  m  other  water: — 

DifCilUdwtUr       .    .    IHM 
Pumt  i|>rbf  tnttr    •    1-001  to  I'OOft 
Rhrer  water    .    •    .    •  1-010 
Bmw9Ur     •    .    .    .    1-080 

The  decree  of  mHiims  in  partioDlar 
perti  of  the  eca  fircqoentljr  nuriee  from 
temporuy  eantes.  The  violeiit  tropicil 
mint  have  an  eflfiset  in  dimtniahing  it, 
eapcciaHy  near  ooaatt,  where  an  in* 
creaaed  volume  of  freah  water  ia  brought 
down  by  the  rivers.  The  Baltic  ia  at 
aU  times  less  salt  than  the  ocean,  and 
when  a  strong  east  wind  heaps  out  the 
North  sea,  its  wafers  are saidtobecoma 
almost  fit  for  domestic  uses.  The  most 
curious  phenomenon  of  all  ia  that  of 
springs  of  finesh  water  rising  up  in  the 
midst  of  the  sea:  Huml>olat  mentiona 
that  in  the  Bay  of  Xagua,  on  tlie  south- 
em  coast  of  Culm,  springs  of  this  kind 
gush  up  with  great  force  at  the  distance 
of  two  or  three  miles  from  the  land. 

The  bitterness  which  exists  in  sea 
water,  but  a]-parently  not  l)e¥ond  a 
certain  depth,  is  with  much  prooabtlity 
considered  to  lie  owing  to  the  vegetable 
and  animal  matter  hcM  there  in  a  state 
of  decomposition. 

Water  being  a  bad  conductor  of  heat, 
the  temperature  of  the  sea  changes 
much  less  suddenlv  than  that  of  the 
atmosphere,  and  is  by  no  means  subject 
to  such  extremes  as  the  latter.    It  may 


wMf  bt  afirmed  that  the  teai|wiaiwa 
never  in  any  aeaaon,  or  under  nay  klU 
tnde,  dieeeds  eigtitr-iva  or  ogmy-ais 
dcgraea  of  Fahraineira  thenaoaMlv. 
The  exiatenoa  of  banka  or  ahallowa  haa 
a  local  effect  m  diminiahii^  the  taaqpa* 
rature  of  the  ocean,  but  the  great  agtnta 
in  modifying  it  are  eurrenta,  wludi 
mimde  together  the  watera  of  dilferenl 
deptns  and  r^ons.  Thua  tha  Galf 
atream,  as  it  is  termed,  whidi  aeta  into 
the  Gulf  of  Mexico,  is  mudi  warmer 
tlian  the  neighbouring  parte  i^the  aea; 
tlie  current  of  Chili  is  juat  the  reverse 
The  following  tablea  are  extraeted  Iroai 
M.  Humboldt's  Personal  Nvratrra^ 
(VoL  11.;)  the  experimenta  from  whieh 
No.  I.  was  drawn  up,  were  made  duriqg 
the  passage  from  Spain  to  the  New 
Contment,  between  the  9th  of  Jime  and 
lAthof  July  1799:— 

(No.  L) 


00*  W 

34  30 

32  16 

SO  36 

SO  18 

26  51 

20  8 

17  57 

14  57 

13  51 

10  46 


W<M 

16*  IS' 

16  55 

17  4 
16  54 
16  40 
19  13 
28  51 
33  14 
44  40 
49  43 
60  54 


(No.  II.) 


Table  of  the  Temperature  of  the  Atlantic  Ocean  in  different  degrees  of  Longitude., 


Tmn.  9t  dit 


nn.  M  I 


Ptriod  of  tht 


Obmnwn,        ^**^  Tcmi^ratvrt  «frdio  Alria  (k» 


0^  58 

0  57 

0  33 

0  11  N. 

0  13 

25  15  N. 

25  29 

25  49 

27  40 

28  47 

42  34  N. 

43  17 

43  58 

44  58 

45  13 
48  11 


S.  27«34'W.  80.96  Fh.  Nov.  1788 


30 
21 
84 
51 

20 
39 
26 
17 
18 


11 
20 
l.> 
42  E. 

36  W. 
54 
20 
4 
17 


81.86 
81.86 
82.40 
80.78 

68.  OU 
70.88 
69.26 
70.88 
74.30 


April  1803 
March  1800 
Feb.     1803 


May 

June 
April 


1800 

1799 
1803 


March  1800 
Jan.  1768 
Oct. 


1788 


Chumica  \ 

Quevedo    I 

Perrin*      l80<>-6  (Cook.) 

Humboldt  I 

Perrina      J 

Humboldt] 
Quevedo       -q.,. 
Perrma      V  ^^  ^ 
Chappe     I 
Churruca  J 


(La    P^rouse    a»d 
Dalrymple.) 


15    45  W.     51.98 


31  27 

13  7 
34  47 

4.  40 

14  18 


59.90 
60.  G2 
54.8a 
59.90 
57.74 


Feb. 
May 
June 
Dec. 
Nov. 
June 


1800     Perrins      ^ 

1803     Quevedo 

1799     Humboldt  I  54*86    (Cook  and  d*Botr«. 


1789  Williams 
1776     Franklia 

1790  Williams 


ca^iteaux.) 


These  tables  refer  only  to  the  Atlantic 
ocean  ;  but  the  experiments  which  have 
been  made  in  the  South  sea,  and  in  the 
Indian  ocean,  show  that  within  a  cer- 
tain distance  of  the  equator,  the  general 
temperature  of  the  sea  follows  nearly 


the  same  rule  in  correspondini^  lati- 
tudes. Within  the  tropics  there  is  no 
sensible  difference  in  north  and  in  south 
latitudes ;  there  is  very  little  even  as  ftur 
es  the  thirty-fifth  and  fortieth  degrees; 
but,  when  we  advance  into  higli  Uli* 
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hides,  thert  eui  be  no  doubt  that  the  other,  that  thej  are  frequently  broken, 
tea  is  colder  in  the  southern  than  in  the  and  the  fragments  are  piled  up  so  as 
northern  hemisphere.  loe  extends  from  to  form  mounds  and  ridges  of  consider- 
five  to  eight  degrees  of  latitude  further  able  elevation ;  it  is  thus  that  many  of 
from  the  south  than  from  the  north  pole,  the  small  ice-bergs  originate.  There  is 
owing,  it  isprobaUe,  to  the  almost  entire  no  doubt,  however,  that  the  most  bulky 
absence  of  land  near  the  Antarctic  cir-  of  these  bodies  are  detached  portions 
cle ;  while  the  north  pole  is  so  nearly  sur-  of  vast  glaciers,  such  as  abound  on  the 
rounded  by  land,  that  the  ice  of  the  Arctic  precipitous  coasts  of  Greenland  and 
ocean  is  shut  up,  and  cannot  be  carried  Spitzbergen,  broken  off  in  consequence 
forward  to  such  a  distance  by  the  cur-  either  of  their  own  weight,  or  the  under- 
rent  which  sets  towards  the  equator.  mining  action  of  the  waves,  and  then 

Bays,  inland  seas,  and  the  spaces  carried  by  winds  and  currents  to  other 
among  clusters  of  islands,  where  the  parts  of  the  ocean, 
action  of  the  waves  is  more  confined.  When  the  summer  has  well  advanced, 
and  the  water  usually  of  less  depth,  are  the  masses  of  ice  which  have  been 
the  most  favourable  places  for  the  pro-  frozen  together  during  the  winter  gra« 
duct  ion  and  accumulation  of  the  ma-  dually  separate,  and  clear  spaces  of 
rine  ice.  It  is  on  this  account  that  the  water  are  lett.  As  soon  as  the  end  of 
navigation  of  the  Baltic  is  annually  September,  these  open  spaces  again  be- 
stopped  by  the  ice  in  a  latitude  not  gin  to  freeze  over ;  but  before  this  eifect 
more  northerly  than  that  of  tracts  which  commences,  the  temperature  of  the  air 
in  the  main  ocean  are  always  open  to  must  be  veir  much  lowered,  owing 
the  passage  of  ships.  In  severe  wmters,  partly  to  the  freezing  point  of  sea  being 
people  may  travel  in  sledges  across  the  three  and  a  half  degrees  (Fahrenheit) 
entrance  of  the  Gulf  of  Bothnia  (lat  below  that  of  common  water,  but  more 
60°)  which,  including thenumerous small  especially  to  the  surface  which  the  water 
intervening  islands,  is  a  distance  of  a  presents  to  the  atmosphere  being  re- 
hundred  and  fifteen  miles.  The  body  of  peatedly  changed  before  its  temperature 
ice  accnmulated  in  Sir  James  Lancaster's  is  sufficiently  reduced  for  it  to  freeze, 
sound  has  defied  all  the  attempts  that  This  change  in  the  surface,  which  is 
have  been  made  to  accomplish  the  north-  greatly  assisted  by  the  agitation  of  the 
west  passage  from  the  Atlantic  to  the  sea,  takes  place  in  consequence  of  the 
Pacific.  particles  of  a  liquid  body  becoming  spe- 

The  ice  of  the  polar  seas  assumes  a  cifically  heavier  as  they  get  cooled,  so 
great  variety  of  shapes  and  appear*  that  they  descend  and  are  succeeded 
ances.  The  vast  and  thick  sheets  which  by  warmer  particles, 
are  met  with  in  high  latitudes  are  There  are  three  kinds  of  movements 
called /^/flb  l)y  navigators ;  they  are  so  constantly  iroing  on  in  the  walers  of  the 
extensive,  thai  their  boundaries  cannot  sea: — 1.  The  agitations  which  its  sur- 
be  seen  from  a  ship's  mast-head ;  and  face  undergoes  by  the  action  of  %^inds 
Captain  Cook  found  a  chain  of  them  — 2.  Tides,  which  are  the  result  of  the 
joining  Eastern  Asia  to  North  America,  attraction  exetcised  on  the  water  by  the 
Sheets  of  less  extent  than  fields  are  sun  and  moon — 3.  Currents,  which 
called  JU}ei*  Bergi  are  islands  of  ice,  arise  from  ditferent  causes,  some  of 
considerably  elevated  above  the  water;  them  existing  within  the  element  itself, 
and  though  of  the  most  various  forms,  I.  As  the  particles  of  a  fluid  press 
commonly  perpendicular  on  one  side,  eoually  in  evfry  direction,  it  follows  that 
and  sloping  gradually  down  on  the  wnen  a  portion  of  the  surface  of  the 
other,  in  hei^^t  they  are  sometimes  water  is  displaced  by  a  wind,  the  adjoin- 
as  much  as  two  hundred  feet*^.  There  ing  water  instantly  rushes  in  to  restore 
are  two  ways  of  explaining  the  forma-  the  equilibrium  or  balance  which  has 
tion  of  these  bodies.  The  large  masses  been  destroyed.  This  accounts  for  the 
of  ice  in  the  Polar  seas,  when  crowded  formation  of  wavet.  When  a  violent 
together  by  winds  and  currents,  exert  impulse  has  thus  been  communicated, 
•uch  an  enormous  pressure  upon  each  the  waves  continue  in  motion  for  some 

— — hours  after  the  gale  has  entirely  sub- 

•  Kxfierimnir*  mad«  ia  th«  Aretie  8«atsboir  tiiat  gided,  on  the  Same  principle  as  a  pendu- 

t^J:^x\'r^^o^^''^rVTi:^\S^VZ  »"«»  con'i"""'  to  »«ing  tor  some  time 

whole  mart.   It  iBii»t  not.  however,  be  KnnM»>«tl  from  alter  it  haS  t>eet\  Wl  YCV  aKX\QXV,     X VX  \\\^ 

tkiii.  llMtl  an  iceberg  two  hundrrd  fett  ©et  ©f  the  asitaUoTl  OCCaaXOWt^  \iN   Hi\\A%  V»Xje^^ 

Water  exhibiu  only  oDe-»erm(ft  of  JteAeifht,  beesoae  7°  ^^^^^^^^-    _>„  v,.^v  ^  \x\\\^  >m«m\^VSS(1 
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(he  surfoee  of  the  water:   divers  saj  ocean,  or,  which  is  the  same  thii^, 

that,  in  the  roughest  weather,  it  is  cahn  draw  or  lift  up  the  waters  toward  them« 

at  the  depth  of  ninety  feet.  selves.    Let  £   (fig.  1.)  represent  the 

2.  The  Hdea  proceed  from  the  attrao*-  earth  and   M  the  moon ;    sinoe   the 

live  forces  of  the  sun  and  moon,  which  power  of  gravity  increases  as  the  8(|iiare 

diminish  the  gravity  of  the  waters  of  the  of  the  distance  diminiiihei,  it  is  cfukot 


%.l. 


that  the  waters  at  A,  the  part  of  the  and  C,  and  low  water  at  A  and  N.  Ac- 
earth  nearest  the  moon,  will  most  feel  cording  to  th  is  it  should  be  high  water 
ftie  effect  of  her  attraction,  and  will  be  at  any  place  in  the  open  mo,  when  the 
kaised  up  to  B ;  wMle  those  on  each  side  moon  is  upon  the  meridian  of  Ihat 
of  A,  Deing  farther  off,  will  be  less  place,  and  low  water  when  the  moon  is 
raised.  But  besides  the  difference  occa-  upon  a  circle  cutting  the  moridian  in 
aioned  by  a  greater  or  less  distance,  the  ouestion  at  right  angles;  Irat,  in  &ct, 
more  oblique  or  sknttng  the  line  of  at-  the  greatest  and  leut  heiglrts  of  the 
traction,  me  less  will  be  the  elevation  of  water  at  such  a  place  do  not  oeeor  till 
the  water  acted  upon,  till  at  last  the  about  three  hours  after  the  periods 
water  towards  and  under  the  circle  CEF  fixed  in  this  supposition.  The  ocd^y  it 
will  not  only  not  be  elevated  but  will  thus  explained :  the  elevated  parts  of 
be  lowered.  The  reason  of  this  is,  that  the  sea  have  received  sucJi  an  im- 
tiie  force  of  attraction  acts  in  straight  pulse  towards  ascent,  that  th«r  continue 
Hnes;  and,  therefore,  if  we  draw  two  to  rise  after  the  earth*s  rotaticm  has 
straight  Imes  fi^m  the  moon*s  centre,  carried  them  from  under  the  lune  of  the 
MC,  MF,  to  represent  this  force  acthng  direct  attraction  of  the  moon ;  this  im- 
on  the  psurts  C  and  F,  it  is  obvious  thsS  pulse  being  also  aided  for  a  time  by  the 
the  water  at  C  and  at  F  will  not  be  moon  continuing  to  attract  tiiie  water 
raised,  but  depressed  by  being  drawn  upwards,  though  in  a  less  degree, 
away  from  C  to  D  and  from  F  to  H ;  As  the  moon  crosses  the  meridian  of 
and  so  of  every  part  of  the  circle  CEF.  a  place  about  every  twenty- four  hours 
In  the  same  manner,  the  water  at  D  and  fifty  minutes  and  a  half,  the  sea  in  that 
H  will  pass  to  6  and  I,  and  thus  the  space  oftime  ebbs  twice  and  flows  twice 
ocean  will  be  disposed  in  a  spheroidal  ail  over  the  world,  although  much  less 
form  CD6BIHF.  But  the  water  wiU,  towards  the  poles  than  within  the  tre- 
at the  same  time,  rise  on  the  side  of  the  pics,  where  the  waters  are  un(kr  the 
earth  away  from  the  moon,  because  the  direct  line  of  the  lunar  attraction. 
earth*s  centre  being  more  strongly  drawn  In  the  above  remarks  we  have  spoken 
towards  the  moon  than  the  point  N,  re-  only  of  the  moon,  because,  thougn  the 
cedes  from  N,  which  is  the  same  in  effect  sun  is  so  verv  much  larger  than  the 
as  if  the  water  at  N  receded  or  rose  up  moon,  yet  the  latter,  on  account  of  her 
from  the  earth's  centre.  The  ocean,  nearness  to  our  planet,  has  the  most 
therefore,  will  assume  a  spheroidal  form,  powerful  effect  upon  the  tides ;  it  it  cal- 
CKF,  on  the  side  away  from  the  moon,  culated  that  her  influence  is  nearly  tri- 
es well  as  on  the  one  facing  her.  Thus,  pie  that  of  tlie  sun.  The  sun,  however, 
if  we  draw  aline  MAKfrom  the  moon's  acts  upon  the  ocean  in  the  same  man- 
centre  through  the  centre  of  the  earth,  ner,  though  in  a  less  degree.  When 
the  two  points  B,  K,  where  it  touches  these  two  bodies  unite  their  influence, 
the  earth's  surface,  will  be  those  of  high  Which  they  do  at  the  seasons  of  new  and 
water ;  and  if  we  take  two  more  points  full  moon,  the  tides  naturally  rise  the 
C,  F,  equally  distant  from  each  of  the  highest,  and  are  then  called  ^^ii^ /tcfat; 
first  two,theywill  be  points  of /ot£>ir6i/tfr.  but  when  the  moon  is  in  herquadra- 
By  the  earth's  rotation  on  its  axis  the  tures,  or  quarters,  the  action  of  each  of 
part  F  will  be  carried  to  A  and  the  part  the  two  luminaries  is  directly  opposed 
C  to  N  ;  matters  will  then  be  just  re-  to  that  of  the  otlier ;  the  tides  are  then 
rersed,  and  it  will  be  \^  water  at  F  of  ooune  the  lowest,  and  are  called  ii«op 
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tides.  To  explain  thisr  more  clearly,  let 
E  (fig.  2)  be  the  earth,  S  the  sun,  and 
m  the  moon ;  when  new,  the  moon  is 
situated  at  x,  when  full  at  a/,  and  when 
in  her  quadratures  at  y  and  t/.  It  re- 
sults, from  what  has  been  already  said, 
that,  both  at  new  and  fUll  moon,  tne  sun 
and  moon  will  each  assist  the  other  in 
raisin|2;  the  ocean  round  A  and  D,  and  de- 
pressing it  at  C  and  B ;  but  when  the 
moon  is  in  her  quadratiures,  her  tendency 
b  to  raise  the  waters  at  C  and  B  and 
depress  them  at  A  and  D ;  while  that  of 
the  sun  is  exactly  the  reverse.  During 
the  moon*s  circuit  round  the  earth,  the 


spring  and  the  neap  tides  each  occur 
twice,  and  one  after  the  other. 

If  the  earth  were  entirely  covered  by 
a  sea  of  uniform  depth,  and  the  sun  and 
moon  moved  always  in  the  plane  of  the 
equator,  the  region  of  the  highest  tides 
would  always  be  directly  under  the 
equator,  whde  at  the  poles  there  would 
never  be  any  tide  whatever.  But  the 
changes  that  occur  in  the  positions  of 
the  sun  and  moon,  and  several  other 
circumstances,  prevent  the  tides  from 
taking  place  in  so  uniform  a  manner. 

In  figure  3,  let  us  suppose  A  E  H  to 
be  the  equator,  and  C  and  F  the  poles 


of  the  earth,  and  let  M,  the  moon,  and 
S,  the  sun,  both  be  in  the  plane  of  the 
equator ;  in  this  case  the  water  will  be 
higher  at  H  and  A,  than  in  any  other 
places,  and  most  depressed  under  the 
circle  C  E  F.  By  the  earth's  rotation, 
£  will  come  to  A.  and  it  wUl  be  high 
water  at  E,  but  C  and  F,  the  poles, 
suffer  no  change  of  position  from  the 
earth's  rotation,  and  the  waters  there 
will,  consequently,  remain  just  as  before. 
If  the  sun  and  moon,  therefore,  were  to 
remain  constantly  in  the  plane  of  the 
quat  or,  the  highest  tideswould  always 
be  at  A,  £,  H,  &c.,  that  is,  under  the 
equator ;  while,  as  Cand  F  would  always 
be  situated  the  same  with  respect  to  the 
nm  and  moon,  it  would  always  be  low 


water  at  the  poles,  that  is,  thw  would 
never  have  any  tides  at  all.  The  sun 
and  moon,  however,  are  continually 
changing  their  positions,  with  respect 
both  to  the  equator  and  to  each  other, 
and  corresponding  variations  are  pro- 
duced in  tne  tides.  The  moon,  for  in. 
stance,  is  sometimes  as  much  as  28| 
degrees  on  each  side  of  it.  Suppose  her 
to  be  situated  at  ar,  28}  degrees  north  of 
the  equator,  draw  a  line  from  x  through 
the  centre  of  the  earth,  and  let  it  come 
out  at  the  opposite  side  of  the  earth, 
the  points  B  and  I  will  have  the  highest 
tides,  and  as  the  earth  turns  rounds  «II 
the  parts  of  lYve  CAT<i\^^  Cj'^  ^xA  W:^ 
¥rUl  successVvA^  cotnaXo'^  ^xA\.  '^^ 
waters,  uadta  ^ho^^  \wo  oti^«s»^^^ 
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therefinre,  have  the  highest  lanar  tides,  flood  tide  parses  from  east  to  west,  (ftil* 

(when  tiie  moon  is  at  d?  or  d:')  and  the  lowing  the  apparent  course  of  the  sun 

waters,  under  the  circles  T  %  and  Yy^  and  moon,)  but  as  the  torrid  xone  is  the 

will,  in  turn,  be  the  most  depressed,  seat  of  the  highest  tides,  the  flood  in 

Results  of  a  similar  land  are  obtained  if  the  northern  temperate  xone  comes  from 

we  notice  the  changes  of  the  sun*s  pori^  the  south,  and  in  the  southern  tern- 

tion.    In  the  course  of  a  year,  that  lu-  perate  zone  firom  the  north.  To  this  rule 

mimuy  ranges  nearly  23J[  degrees  on  there  are,  nevertheless,  locsl  exceptions, 

each  side  of  the  equator.    Suppose  him  caused  l^  those  derangements  of  the 

to  I  e  situated  at  sr,  2S|  degrees  north  of  tide  which  we  are  now  going  to  mention, 
it :  a  line  drawn  from  him,  through  the       Of  all  irregularities  in  the  tides,  those 

earth's  centre  to  the  other  side,  wffl  past  are  the  greatest  which  are  occuionad 

through  L  and  M,  and  the  parts  under  by  the  obstacles  offered  by  the  land  to 

the  ciroles  L  K  and  M  N  wiU,  while  tiie  the  ebb  and  flow  of  the  waters.    The 

sun  is  at  sr  or  a',  experience  Oie  lughest  impediments  created  by  shallows  in  the 

solar  tid^.    If,  therefore,  at  the  time  ocean,  and  l)y  the  shores,  bays,  gulft^ 

when  the  sun  is  situated  at  #,  or  jr',  the  and  promontories  of  islands  and  comti- 

moon  happens  to  be  at  d?,  d?,  9,  or  o^,  nents  are  such,  that  the  tides  are  greatly 

the  sea,  under  the  fbor  cirdes  O  d,  delayed,  altered  both  in  degree  and  in 

I  D,  L  K,  and  M  N,  wiO,  u  the  earth  direction,  and  in  many  plaees  so  aoeiKi 

moves  round,  have  the  hkhest  tides  on  mulated,  that  they  rise  to  heudita  fn 

the  globe;  the  tides  of  G  B  and  I  D  exceeding  what  is  witnessed  in  flie  open 

tieing,  however,  higher  than  those  of  ocean.    On  the  coasts  of  the  islands  of 

L  K  andM  N ;  since  the  moon*8  attract  the  South  Sea,  there  are  regular  tidaa 

tion  is  more  powerfbl  than  that  of  the  sun.  of  only  one  or  two  feet  in  ekvaiioB; 

If  again,  while  the  sun  is  at  4r,  or  jb',  the  bnt  on  the  western  shores  ^  EanM 

moon  happens  to  l>e  at  p,//,  o,  or  t?',  and  on  the  eastern  shores  of  Asia,  flia 

the  forces  of  both  will  combine  to  raise  tides  are  very  strong,  and  lunre  many 

the  tides  highest  under  the  two  circles  variations.    On  the  northern  ooasU  of 

L  K,  M  N ;  and  when  both  luminanes  IVance,  the  flow  being  conflned  in  a 

are  on  the  equator  together,  the  cirde  channel,  and  repelled  tuso  by  the  c^ypo- 

A£  H  (that  IS,  the  equator)  will,  alone,  site  coasts  of  England,  rises  to  asur* 

be  that  of  the  highest  tides.    It  must  prising  height ;  at  St.  Maloes,  in  Bre- 

at  the  same  time  be  kept  in  view,  that  tagne,  it  is  said,  even  to  50  feet    The 

whenever  the  sun  and  moon  are  not  tide  oftheGrerman  Ocean  is  twelve  hours 

situated  at  the  same  distances  from  the  in  travelling  from  the  mouth  of  the 

equator,   so  that  the  circles   of  their  Thames  to  London  Bridge,  where  it 

highest  tides  do  not  coincide  or  fall  to-  arrives  about  the  time  that  there  is  a 

gether,  allowance  must  be  made  for  their  new  tide  in  the  Oerman  ocean.    This 

attractive  forces  counteracting,  in  some  is  one  instance  out  of  many,  of  tho  efSodt 

degree,  each  other*s  effects  upon  the  produced  upon  the  tide  when  it  has  to 

ocean ;  and  as  the  moon  completes  her  pass  along  a  narrow  channel,  and  to 

range  on  each  side  of  the  equator  in  overeome  an  opposing  current 
about  294  days,  while  the  sun,  to  com-       The  explanation  that  has  lieen  given 

plete  his,  takes  nearly  3651  days,  their  — «— i— — . — —......^ 

combined  motions  must  produce  con-  LK(fi|.8)Uap.ndielofnorth.  •»difNap«M 

tinual  irreirulanties  m  the  tides.  Taking  of  •oath.utimde;  ohka  it  a  nMridiui;  aad  «k« 

one  year  with  anotlier,  the  mean  monthly  S?*.*?!.!?  •'  ^^*f  •V'^  ^*^ »~  »!•«  cipd»«f  tfci 

ramfe  of  the  moon  on  each  side  of  the  tlfinJal'^twii^l;  SiTt^Swi'Tna^iSl:^ 

equator  is  the  same  as  the  annual  range  ^^^}  ^  ^^"  ^  ^  u—and  again,  wbca  it  b  aa^tr 

of  the  sun  (230  28');  ttie  hi^Aat  tides  li•.■i^kS3^sr^s.'i!:t'l;V':.;;l(r4'rJls»t 

are,    consequently,    within    the   tropics,  And  M  are  the  pointi  of  the  highest  tides  wiMa  tht 

and  the  least  within  the  arctic  and  an-  "®**  '•  •[  p-  ..''"^•>  p^»**»  unOer  l  Md  n,  tht 

tarctic  cireles.*    Within  the  tropics,  the  ':XK:J!^tS:^Sr^^^^^^!Sf:;^ 

the  moon  ic  at  p,  aoriA  of  tka  e<]aator.  a  plara 


•  \Vm  h>v  m\rmmA »  .i»«-m  t k.*  •  ;  V  V      .       .  H^  '  p*raUel  of  9orth  lautvde.  will  have  iu  ar 

./    I       .  •  "r«wy  •«>«^'  **'*V«^"  ^'f^  '^*««'  »*  *'«*  »«'«•  when  the  moon  »  abort  the  horistm;  bat  a 

anyplace  twiwinereiy  SihoorsSOininntet.  Wh«i  placeuaderMN.  a  parallel  of  «oa/A  Ut,S.W^htaf5 

thi;  .m/U"  k  •  "^^If  't-,'^1*'"  "  '^  "~°'  ^  r^'^i  *'F*  ^ir  when  the  i3u  iSltfS 

!S!  »!i'  '*'****■  r  *l  P*^""^  .r;»»»*«  '»»•  "oo"  «■  «6oi;#  homon.    When  the  moon  is  at  p*,  tomtk  of  tJewST 

L  n^'.!!^!  **Vi*  .t^*^*  ""S  •^•J *  '^v*  tide. which  tor.  these eflWeto  wiU  bjju.t  rev?^     li  w«S?. 

•  pnidnce.1  while  the  moon  It  mtder  the  horiaon  of  when  the  tna's  declination  is  eonSderablT  nowk^ 

iiJI?    TKb  U  -lu?'  -?•  *^1f*  !!,£?  "^  ^*  "■  *»»•  «non>  wf  tides ;  in  winter,  'the  ^nfactSL  » 

vtfH.    TSia  la  aspUiaadu  thalollowuff  wajt—  oMd  thote  of  tht  aftmeos,          «**•-«»»■»- 


I 
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oftheiipannarinwhiditidesareereited  Currents  and  windf  (especiallir  the 
in  the  ooeui,  will  enable  ng  to  peroeiTe  latter)  have,  according  to  their  airec- 
wny  it  is  that,  in  some  gulfr  aad  inland  tion,  an  influence  either  in  quickening 
seas,  there  are  either  no  tides,  or  such  or  retarding  the  tide ;  indeed  a  powof  lU 
trifling  ones  as  to  be  soareely  discern-  wind  will  sometimes  keep  a  tide  out  of 
ible.  In  figure  1,  the  waters  at  A  are  very  narrow  channels.  On  the  contrary, 
brought  to  B,  not  only  by  the  moon  a  strong  wind  coming  from  the  same 
raising  up  the  parts  inmiecUatelv  under  quarter  as  the  tide,  will  raise  it  seseni 
he«-,  but  also  by  her  drawing  obliquely  &et  above  its  usual  level 
towards  B  the  parts  distant  firom  B,  The  causes  which  render  the  move* 
and  by  the  lateral  flowing  of  the  neigh-  ments  of  the  tides  complex  and  irregular, 
bouring  waters  (p  n,  for  instance)  may  thus  be  summed  up  under  four 
towards  B,  which  results  from  their  heaids — 1.  The  variations  in  the  posi- 
being  less  attracted  by  the  moon,  and,  tions  of  the  sun  and  moon,  with  respect 
therefore,  heavier  than  those  at  B.  to  the  equator  and  to  each  other.  2.  The 
Being  heavier  than  B,  they  press  upon  obstacles  presented  by  the  land ;  3.  by 
and  flow  towards  that  part.  In  small  winds;  and 4.  by  currents.  The  exist- 
collections  of  water,  the  moon  acts  with  ence  of  these  causes  renders  it  impos* 
the  same  line  of  attraction,  or  nearly  sible  to  lay  down  any  general  rule  for 
so,  upon  every  portion  of  the  surfiice  at  calculating  the  level,  either  of  high  or 
once,  and,  therefore,  the  whole  of  the  of  low  water,  in  different  latitudes, 
waters  being  equally  elevated  at  the  3*  Currents  in  the  ocean  may  be  oc- 
same  period,  no  part  of  them  is  ever  eaaioned  in  various  ways :  they  may 
higher  than  the  other.  This  is  one  arise  from  an  external  impulse,  (a  gale 
reason  why  the  Baltki  has  no  percep-  of  wind  for  instance) ;  from  a  difference 
tible  tides,  and  why  even  those  of  the  in  temperature  or  saltness  between  two 
Mediterranean  are  hardly  visible.*  But  parts  of  the  sea ;  from  the  periodical 
in  addition  to  this,  the  two  seasinques-  melting  of  the  polar  ice,  or  from  the 
tion  are  so  circumstanced  that  they  inequality  of  the  evaporation  whicn  the 
cannot  receive  tides  from  the  Atlantks:  surface  of  the  sea  undergoes  in  different 
1st,  because  their  entrances  are  not  latitudes.  These  causes  may  produce 
turned  towards  the  main  direction  of  the  either  constant  or  occasional  currents, 
Atlantic  tide;  2ndly,  because  their  en-  and,according  as  they  act  in  concert  or  in 
trances  are  so  narrow,  that  the  quantity  opposition,  will  their  effects  be  various. 
of  tide  which  that  ocean  can,  in  a  few  The  most  remarkable  currents  are 
hours,  impel  into  them,  is  insufficient,  those  which  continually  follow  the  same 
after  being  spread  over  the  extensive  direction.  There  is  one  which  sets  re- 
surfaces of  the  two  seas,  to  raise  their  gularly  from  each  of  the  poles  towards 
level  at  all  perceptibly.  The  Greeks,  the  equator ;  and  when  we  get  within 
who  accompanied  Alexander  the  Great  twenty-eight  or  thirty  degrees  of  the  line 
in  his  exi)edition  to  the  east,  having  on  either  side,  a  general  movement  is 
never  been  on  any  other  coasts  than  observed  in  the  ocean,  in  a  direcion 
those  of  the  Mediterranean,  were  seized  nearly  from  east  to  west  The  existence 
with  (complete  consternation  on  first  of  the  two  polar  currents  is  proved  by 
beholding  the  retreat  of  the  strong  tide  the  floating  of  masses  of  ice  trom  the 
which  the  Indian  ocean  sends  into  the  fHgid  into  the  temperate  regions :  these 
river  Indus.  In  gulfs  which  are  differ-  masses  are,  at  times,  seen  as  low  as  the 
ently  circum.^tanced  with  respect  to  the  forty-fifth,  or  even  the  fortieth  degree  of 
direction  of  their  entrances,  and  whidi  latitude.  It  was  the  opposition  of  the 
have  0|)enings  wider,  as  compared  with  polar  current  which  principally  occa- 
their  extent,  the  tides  propagated  from  sioned  the  failure  of  the  attempt  made 
the  ocean  are  sensibly  felt.  Hudson's  last  year  under  Captain  Parry  to  reach 
and  Baffin's  Bays,  and  the  Red  Sea,  are  the  north  pole ;  before  the^  desii»ted  from 
examples  which  prove  the  correctness  their  efforts,  the  expedition  found  that, 
6i  this  observation,  as  they  advanced  over  the  ice,  they  were 

being  drifted  southward,  at  a  rate  faster 

'                              '     "~~"  than  that  at  which  they  were  travelling 

•  The  liult  tide  which  there  is  in  tht  Medittrr*.  northward.    It  is  equally  certain  that  a 


iafo  the  Oalfof  Venice.    M.  irAnco*  otMfenrc4  thnt     from  the  direction  Of  DOdies  floating  On 
ftC  Tooloa.  on  th«  coavt  of  France,  toe  ntn  roM  ft  foot     ^^   water,  but   also  from  the  circum- 
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Europe  to  America,  descend  to  the  Atlantic;  and  it  win  be  seen,  if  we  refer 
Iktitud^  of  ti^e  Canaiy  Islands^  where  to  a  map,- that -from  Gape  St  Rocbe^ 
thef  ttJl  into  a  current  and  are  carried  which  has  about  five  degrees  of  soi^ 
rapidly  to  the  west  In  going  from  latitude,  the  coast  of  South  Ameiiea 
Amenca  to  Asia  across  the  racinc,a  n-  stretch^  away  in  a  continued  line  ta 
milar  effect  is  observed.  It  might  be  the  nortti-west  as  fttr  as  the  ide  of  IM- 
Bupposedthatthis  was  due  solely  to  the  nidad.  Owing  to  this  shapeof  the  eoail; 
trade-winds,  but  such  is  not  the  case :  for  the  waters,  as  far  as  the  tentii  degree  of 
it  is  quite  possible  to  distinguish  their  south  latitude,  are,  when  they  approach 
effect  from  that  of  the  currents,  since  the  America,  carried  away  in  a  current  to 
profn^ess  of  the  vessel  is  quicker  than  it  the  north-west  This  current  afterwards 
could  be  with  the  aid  of  tne  wind  alone,  enters  the  gulf  of  Mexico,  through  tiie 
•  The  origin  of  the  polar  currents  is,  no  strait  formed  by  the  western  end  of 
doubt,  in  a  great  measure,  to  be  refeired  Cuba,  and  the  opposite  pe^nsula,  (firom 
to  the  centrifugal  force  which  is  the  this  part  it  is  (billed,  by  navigators,  the 
result  of  the  earth*s  rotation.  CSee  Gulf-Stream,)  and  follows  the  bemtingy 
•Mathematical  Oeography,  chap.  8.)  It  of  me  Mexican  coast  from  Vera  Cruz 
may  be  ftirther  explamed,  when  we  re-  to  the  mouth  of  the  Rio  dd  Norte,  and 
Hect  that  the  water  towsjrds  the  poles,  thence  to  the  mouths  of  the  MissiKippi, 
both  on  account  of  its  lower  tempera-  and  the  shoals  west  of  the  southern  ez- 
ture  and  its  being  less  attracted  l]^  the  tremi^  of  Florida.  It  next  takea  a  new 
heavenly  bodies,  is  heamer  than  the  direction  to  the  north,  and  mdiea  impe* 
water  in  the  tropical  regions,  and,  more-  tuously  into  the  ^f  of  Florida.  1£  Hum* 
over,  that  the  neat  of  the  torrid  zone  boldt  observed  in  the  montti  of  May 
t>ecasions  a  much  more  powarfiil  eva-  1804,  in  the  26th  and  27th  dqfliinisijr 
{K>ration  of  the  sea  than  is  elsewhere  latitude,  that  its  velocity  waa  eigfaly 
eiFperienced:  the  consequence  is,  that  miles  in  twenty-four  hours,  altfaoiigfa, 
-the  waters  nesrer  the  poks  will  move  et  the  time,  there  was  a  violent  wmd 
towards  the  equator,  in  order  to  restore  K*^?^  '^  At  the  end  of  tbe  gulf  of 
the  equilibrium  which  has,  in  these  se»  Florida,  (north  lat  28^)  it  nma  to  tha 
vend  ways,  been  destroyed.    The  tro-    north-east  at  the  n^  sometimes,  of 

§ical  current  may  also,  though  in  ano*    five  miles  an  hour.    It  may  always  be 
ler  manner,  be  explamed  as  proceed-    distinguished  by  the  high  tmperature* 
ing  from  the    eartn*s  rotation.     The    and  Ae  saltness  of  its  waters,  their  m- 
waters,  as  they  advance  from  the  polar    digo-blue  colour,  and  the  quantity  of 
seas,  pass  from  r^ons  where  tiie  ro-    sea-weed  floating  on  the  surfiEu;e,  and 
tatoiy  motion  of  the  earth's  surface  is    also  by  the  heat  of  the  sunounding  at- 
verv  slight,  to  those  where  it  is  exceed-    mosphere.    The  rapidity  and  tempera- 
ingly  rapid;  thev  cannot   immediately    tureofthe0^r-«/raif7i,mmiiiish towards 
acquire  the  rapid  motion  with  which  the    the  north,  while,  at  the  same  time,  its 
solid  parts  of  the  earth  revolve  in  the    breadth  increases.t  Its  further  prognsi 
tropical  regions,  and  they  are,  acconl-    northward  is  at  last  checked  by  the 
ingiy,  left  rather  behind,  that  is,  to  the    southern  extremity  of  the  great  bank  of 
weattoard  (the  earth  turning  round  from    Newfoundland,  in  the  42d  degree  of  la- 
west  to  east).  The  ocean,  consequently,    titude,  where  it  turns  suddenly  to  thi 
appears  to  retreat  from  the  western,  and    east.    It  afterwards  continues  movii^ 
advance  upon  the  eastern  coasts  of  the    towards  the  east,  and  the  east-south- 
continents,  or,  in  other  words,  to  have    east  as  far  as  the  Azores  islands;  and 
a  general  movement  from  east  to  west ; 
and  the  effect  is  very  much  assisted  by  ——————' 

the  constant  blowing  of  the  trade  winds.    .  *  ?,"rM<^'  5ft~7«"  *****  •*  ^«  ^te«  of  tlM  ifei. 

We  will  now  eTnlAin  f ho  mnHifi^ofl/^no     *f*?  °'*"»  ftrcibly  drawn  to  the  north-east«  prmm 

vve  wm  now  explain  tne  modmcations     tlieir  wam  temperatore  to  inch  a  point,  tluit  at  taiy 

or  changes  which  this  grand  movement     ^^d  fortj-one  degrees  of  latitude,  he  found  thm  at 

in  the  ocean  undergoes,  in  consequence  "•^"1??:^®  degreei  and  a  half  (Fahrenheit);  vta. 

«  .1         , .      I  ^        '  *     vy*ia«;«  uciiwc  ^^^  ^  ^^^  Current,  the  hnat  of  the  ocean  at  its  wftee 

of  the  obstacles  presented  by  the  land  was  scarcely  sixty-three  degrees  and  a  half.    laS 

to  its   free    progress.      When    it   meets  ^^^^  ^  ^ew  York,  (foriy-one  degrees  north)  (hi 

with  shores  or  narrow  straits  to  impede  I^^aTSihSof[he«Mofte'^cs\^^  STSCa 

or  turn  aside  its  course,  it  forms  strong  "^ree  of  latitude."                             ^ 

and   even   dangerous    ciurents.     The  »h«ins^i^'?eiS^^w.Tr4?^^^ 

eastern  coast  of  America,  and  the  West  ia  thenaraiiei  of  ChwiEs  toWn,*(thirtr.Uire^45S2 

India  Islands,  constitute  a  sort  of  dyke  5**'^'^  5?>"*  forty  to  fifty  leagues ;  and  on  the  Mii- 

to  the  general  westward  motion  of  the  lr«iSSi.%£riSi£;dS^          *• 
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thence  it  turns  towards  the  straits  of  Hebrides  are  collected  seeds  of  several 
Gibraltar,  the  Isle  of  Madeira,  and  the  plants,  the  growth  of  Jamaica,  Cuba, 
group  of  the  Canaries,  till,  on  reaching  and  the  neighbouring  continent.  The 
the  parallel  of  Cape  Blanco,  it  completes  most  striking  circumstance,  perhaps, 
the  round  l)y  mndnc  with  the  grand  isthatof  the  wreck  of  an  English  vessel, 
westerly  current  of  flie  tropics.  It  is  burnt  near  Jamaica,  having  been  found 
probable,  however,  tiiat  a  branch  still  on  the  coast  of  Scotland. 
Keeps  on  its  course  to  the  south  and  There  are  various  currents  in  the 
south-east,  along  the  coast  of  Africa ;  for  Pacific  and  Indian  oceans.  The  general 
it  is  well  known  that  ships,  if  thejr  ap-  westward  motion  of  the  former  is  im^ 
proach  too  near  the  shore,  are  drawn  peded  by  a  numerous  archipelago,  and 
into  the  gulf  of  Guinea,  and  with  diffi-  hence  it  receives  different  directions, 
culty  get  out  again.  We  thus  see  that  A  strong  currrent  sets  to  the  west, 
between  the  parallels  of  11  and  43  de-  through  each  of  the  two  straits  which 
grees,  the  waters  of  the  Atlantic  are  car-  respectively  separate  New  Holland  from 
riei  on  in  a  continual  whiripooL  Hum*  New  Guinea  and  from  Van  Diemen's 
boldt  remarks  that,  supposing  a  particle  Land.  It  then  gets  diverted,  and  flows 
of  water  to  return  to  the  same  place  northward  along  the  coast  of  Sumatra, 
from  which  it  departed,  "  we  can  esti-  till  it  reaches  ttie  bottom  of  the  Bay  of 
mate,  from  our  present  knowledge  of  Bengal  The  following  appears  to  be 
the  swiftness  of  currents,  that  this  cir-  the  reason  of  its  taking  this  course  : — 
cuit  of  three  thousand  eight  hundred  the  general  impetus  of  the  Pacific  to- 
leagues  is  not  terminated  in  less  than  waros  the  west,  being  encountered  by 
two  years  and  ten  months.  A  boat.  New  Holland  and  the  numerous  East 
ii^iich  may  be  supposed  to  receive  India  Isles,  is  broken  and  dispersed ; 
no  impulse  from  the  winds,  would  re-  while  the  westerly  motion  of  the  Indian 
quire  tnirteen  months,  fr*om  the  Canary  sea  has  not,  in  so  early  a  stage,  acquired 
Islands,  to  reach  the  coast  of  Caraccas ;  much  strength ;  the  polar  current  from 
ten  months  to  make  the  tour  of  the  the  south,  at  the  same  time,  presses 
Gulf  of  Mexico  and  reach  Tortoise  upon  the  wide  opening  which  tiie  Indian 
Shoals,  opposite  the  port  of  the  Havan-  sea  presents  to  that  quarter,  and  the 
nah ;  while  forty  or  nfty  days  might  be  waters  on  the  eastern  verge  of  that  sea 
sufficient  to  carry  it  from  the  straits  of  are,  therefore,  pushed  into  the  Bav  of 
Florida  to  the  bank  of  Newfoundland.  Bengal.  In  the  neighbourhood  of  Cey- 
It  would  be  difficult  to  fix  the  rapiditv  Ion  and  the  Maldive  islands,  however, 
of  the  retrograde  current  from  this  bank  the  tropical  motion  has  become  power- 
to  the  coasts  of  Africa :  estimating  the  fid  enough  to  resist  the  polar  current, 
mean  velocity  of  the  waters  at  seven  or  The  westerly  current  then  recommences, 
eight  miles  m  twenty-four  hours,  we  but  is  agam  turned  out  of  its  line  and 
find  ten  or  eleven  months  for  this  last  made  to  flow  to  the  south-west,  by  the 
distance.**  It  is  a  curious  fact,  that  to-  chain  of  islands  and  shallows,  which 
wards  the  close  of  the  15th  century,  be-  reaches  from  the  extremity  of  the  In- 
fore  Europeans  were  acquainted  with  dian  peninsula  to  Madagascar.  After 
the  existence  of  America,  two  bodies  passing  Madagascar,  it  dashes  against 
belonging  to  an  unknown  race  of  men  Africa,  and  at  the  termination  of  that 
were  cast  by  the  Gulf- stream  on  the  continent,  mingles  with  the  general  mo- 
coasts  of  the  Azores,  and  pieces  of  bam-  tion  of  the  waters. 
boo  were  brought  by  the  same  current  A  current  afterwards  sweeps  from 
to  the  shore  of  the  small  island  of  Porto  the  Atlantic  into  the  Pacific  ocean, 
Santo ;  by  these  circumstances,  Colum-  through  the  straits  of  Ma^llan.  There 
bus  is  said  to  have  been  strengthened  in  can  be  little  doubt  that  this  is  a  branch 
his  conjectures  with  respect  to  the  ex-  of  the  general  current  from  the  south 
istesice  of  a  western  continent.  pole  ;  though,  at  the  same  time,  it  may 
An  arm  of  the  Gulf- stream  in  the  oe  partly  Uie  result  of  the  westerly 
45th  and  50th  degrees  of  latitude,  runs  movement  of  the  Atlantic,  which,  being* 
to  the  north-east,  towards  the  coasts  of  checked  bv  the  shores  of  Brazil,  flows 
Europe,  and  becomes  very  strong  when  to  the  south-west,  along  the  South  Ame- 
the  wmd  has  blown  long  from  the  west  rican  coast. 

the  fruit  of  trees  whicK  belong  to  the  There  is  a  question  connected  with 

American  torrid  zone  is  every  vear  de-  the  currents  of  the  Arctic  ocean,  which 

posited  on  the  western  coasts  of  Ireland  has  engaged  a  good  deal  of  attentjoiv 

and  Norway ;  and  on  the  shores  of  the  and  be^  considered  difficuIt.\A  «s:!$ys^''« 
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!ft  is  from  what  qtuurton  the  tloibar  Ota 
come  which  is  found  fLotJdnf  oo  the 
pdar  seas  in  Inch  large  quantities,  and 
so  much  of  which  is  thrown  ashore  on 
the  northern  ride  of  ledaad*.  The  ihw 
spenmens  seen  of  the  growth  of  Msod- 
ieo  and  Brazil,  nraat  Iwve  trardlcd  to 
the  north  by  means  of  the  Gulf-strtem 
of  which  we  h«?e  spoken ;  the  rest 
(principally  pines  and  firs)  most  liMy 
oomes  from  Siberia  and  North  Ameriea| 
aloni^  the  shores  of  whidi  it  is  drifted 
till  it  arrives  at  tiie  opening  into  the 
Atkatio.  in  the  midst  otwhidi  ledand 
isj^daoed. 

The  eiistenee  of  tmdmr  mimmU  dif* 
f^rent  from,  and  even  oppositi  in  their 
direction  to  those  on  the  snrluM  is,  bf 
no  meane,  improbable  in  some  oases, 
thou^  it  is  a  matter  not  admittiog  of 
moot  It  has  been  thought  thai  th» 
Mediterranean,  which  has  a  stroQg  flow 
alwm  setting  mto  it  through  the  straits 
of  Gibraltar,  sends  t>aGk  a  portion  of 
its  waters  into  the  AtlanHc,  by  a  oo»« 
oealed  current.  Contrary  currents,  pass* 
ing along  aide  by  side,are  notuncoas* 
moo.  In  the  Kattegat,  a  northein  cur« 
rent  ilows  out  of  the  Baltic,  akmg  the 
Qoast  of  Sweden,  while  a  southern  ons 
enters  the  Baltic  along  the  coast  of 
Denmark.  Whoi  two  opposite  currents 
of  about  equal  force  meet  one  another, 
they  sometimes,  especially  in  narrow 
channels,  turn  upon  a  centre  and  assume 
a  sptrsi  form,  giving^  rise  to  mkHei  or 
toMrlpooli,     The    most  celebrated  of 


these  are  tibe  MEuriptUf  near  tt^  idand 
of  £uboBa,in  the  Grecian  ArchipelaKo; 
CSIoryMM,  in  the  strait  between  Itidy 
and  Sicily ;  and  the  ifaelflroM,  off  tM 
aoaal  of  Norway.  The  most  nolent  of 
tiiem,  when  agitated  liy  tides  or  wnidsb 
become  ▼ery  danfferons  to  naviiratioiL 
Ois  CmrmttM  m  ike  Ahmifhen. 

It  does  not  belong  to  our  peest 
sobjeet  to  investigate  the  propeHics  and 
component  parts  of  the  atmoaphcr^ 
bat  it  win  be  proper  to  notiee  tm  agi- 
tationa  or  movements  whieli  are  con* 
slantly  taking  idaoe  hi  that  flsdd.  A 
ehai^  in  the  temperatura  cf  a  portiea 
^  aar;  aa  increase  or  a  dinunulioB  ef 
ttia  onantity  of  water  which  it  bolda  in 
astatecfTKMur;  in  rficipt  any  oireunH 
slaace  whi^  causes  it  eithv  to  oontract 
or  to  eipeasd,  destroys  the  efwlibnua 
■obeieling  among  the  diftwl  parts  ef 
thsatmoiq[ihere,andocffasioBearariief 
ahr^  that  n,  a  tstiul,  towards  the 
wlMre  the  baknee  has  been 

Every  one  knows  that  tlw 
and  flvee  of  winds  are 
varkma;  acoerdinfifly,  sevml 
have  been  sngipestea,  and  Inahvaents 
invented,  in  order  to  dotermiae  ttidr 
amonat  with  softie  d^;ree  of  eametneia 
In  the  f  fty-ftrst  volume  cf  the  **  Philo- 
sophical Transactions,*Mhers  is  a  table 
of  the  different  velocities  and  foiMS  of 
winds,  drawn  up  from  a  considflttbis 
number  of  Aurts  and  experiments;  fhi 
following  particulars  are  axtraded  froai 
it: — 


UUftt  in  an  hour. 
I 


w 


10 
15 
30 
35 
50 
80 
100 


dsc.  parts. 
.005 
.079 
.123 

U07 

4429 

a027i 

12^00 

31.4901 

49^00/ 


Hardly  perceptible. 
GaaOe,  pUsssat  wisd. 

Bciakgalt. 

High  wind. 
h  »loriii. 
A  barricane. 


Winds  may  be  divided  into  three 
classes — ^those  which  flow  comtanHy 
in  the  same  direction,  those  which  arc 
periodical^  and  those  which  are  va- 
riable. It  must  be  observed  that  the 
terms  which  express  the  direction  of 
winds  are  employed  in  a  sense  quite 

*  From  the  aoconat  which  Captala  Parry  kaa 
giT«o  of  hw  Unt  voynee,  it  app^an  that  there  in  aU) 
a  fMAt  qnaatitf  of  tuuher  whioh  ka»  beta  oayt  br 
tka  aMk  afon  tha  bsiOmb  eoaii  tC  SsHab«riiB, 


contrary  to  that  in  which  thejr  are  nsri 
when  we  speak  of  the  direction  of  cor* 
rents  in  the  ocean ;  a  westerly  <nimnt, 
for  example,  siguifles  a  current  flowine 
towards  the  west*  but  a  westeriy  wini 
signifiss  a  wind  coming  from  that 
quarter. 

The  |»snRaiis»ii  winds  are  those  which 
blow  constantly  between,  and  a  few  de* 
grees  beyond, tne  tropics,  and  arecalled 
trade-wmdu    On  the  north    of  tte 
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equator,  their  tmr^etian  ii  frtmi  the  with  water;  hut  the  tmerenitirfiEiee  and 

north-east  (varying  at  timet  a  point  or  unequal  temperature  of  the  land  divert 

two  of  the  compass  each  way) ;  on  the  and  derange  them :  it  is  on  this  account 

south  of  the  equator,   they  proceed  that  the  trade-winds  are  constantly  ex- 

from  the  south-east     The  origin  of  perienced  only  over  the  open  ooeHn. 

them  is  this : — the  powerful  heat  of  the  The  larger  the  expanse  of  ocean  over 

torrid  tone  rarefies  or  makes  lighter  the  which  they  range,  the  more  steadily  they 

air  of  that  region ;  the  air,  in  conse-  blow ;   thus  in  the    Pacific  they  are 

quence  of  this  rarefaction,  rises,  and  commonly  more  steady  than  in  tlie  At* 

to  supply  its  place  a  colder  atmosphere  lantic  ocean,  and  in  the  south  than  in 

firom  each  of  the  temperate  zones  moves  the  north  Atlantic.    In  sailing  from  the 

towards  the  equator.    But  (as  in  the  Canaries  to  Cumana,  on  the  north  coast 

case  of  the  polar  currents  in  the  ocean)  of  South  America,  it  is  hardly  ever  re- 

these  north  and  south  winds  pass  from  quisite  to  touch  the  sails  of  tne  vessel 

regions,  where  the  rotatory  motion  of  The  voyage  across  the  Pacific,  from 

the  earth's  surface  is  less,  to  those  where  Acapulie  on  the  west  coast  of  Mexico, 

it  is  greater.    Unable  at  once  to  ao*  to  tne  Philippine  islands,  is  performed 

quire  this  new  velocity,  they  are  left  with  equal  facility ;  and  if  there  were  a 

twhind,  and  instead  of  being  north  and  channel  through  the  isthmus  of  Panama, 

south  winds,  as  they  wouldii  the  earth's  a  westward  passage  trom  Europe  to 

surface  did  not  turn  round,  they  oecome  China  would  be  more  speedy  ana  safe 

north-ecutt  and  touth-eait  winds.    The  than  the  usual  navigation  thither  round 

•pace  included  between  the  second  and  the  Cape  of  Good  Hope ;  the  only  in- 

fifth  degrees  of  north  latitude,  is  the  terruption  to  the  evenness  of  this  voya&:e 

imUrnal  boundary  oiXhe  two  winds ;  and  would  be  in  the  Caribbean  Sea  and  the 

this  space  experiences  calms,  frequently  Gulf  of  Mexico,  where  the  trade  wind 

interrupted,  however,  by  violent  storms,  blows  impetuously,  and  is  sometimes 

The  reason  why  it  is  situated  to  the  interrupted  by  westerly  winds.    It  would 

northof,  instead  of  exactly  at,  the  equa-  not  l)e  possible,  however,  to  return  by 

tor,  seems  to  be  that  the  northern  hemi-  the  same  route,  because  in  sailing  east 

sphere  is  warmer  than  the  southern ;  way  must  be  made  to  the  northward, 

for  since  the  trade- winds  are  the  result  in  order  to  get  beyond  the  region  of 

of  the  continual  ascent  of  heated  air  the    trade  into  that    of  the  variable 

in  the  equatorial  parts,  their  internal  winds.    Both  in  the  Atlantic  and    in 

boundary  will  be  where  the  principal  the  Pacific  Ocean,  the  current  of  the 

ascent  is  going  on, — that  is,  where  the  trade-winds  l)ecomes  broader  and  more 

annual    temperature    is    the  highest;  directly  east  in  its  course,  as  it  advances 

which,  on  account  of  the  above- men-  from  one  side  to  the  other  of  those  cx- 

tioned  inequality  of  temperature  in  the  tensive  basins.    On  the  west  coast  of 

two  hemispheres,  will    not  be  at  the  Africa,  owing  to  the  rarefaction  which 

equator,  but  somewhat  to  the  north  of  the  air  undergoes  over  that  continent, 

it.    The  external  limiU  of  the  trade-  the    wind   is    mostly    tinned    towards 

winds  are  at  a  medium  in  about  the  the  shore ;  from  Cape  Bojador  to  Cape 

3aih  degrees  of  north  and  south  lati-  Verd  it  is    ^nerafly  north-west,  and 

tude  respectively ;  but  each  limit,  as  the  thence  to  the  island  of  St  Thomas,  un- 

sun  approaches  the  neighbouring  tro-  der  the  equator,  it  l>ends  gr^ually  first 

?ic,  declines  further  from  the  equator,  to  the  west  and  then  to  the  south-west, 

he  position  of  tlie  sun  has  an  influence  Along  the  coasts  of  Chili  and  Peru  a 

also  on  their  strength  and  direction ;  south  wind  prevails.    These  are  two  in- 

tor  when  that  luminary  is  near  the  tro-  stances  of  the  interruption  which  the 

pic  of  Cancer,  the  south-east  wind  be-  trade- winds  experience  in  the    neigh- 

e  mes  gradually  more  southerly,  and  l)ourhood  of  large  masses  of  land, 

stronger,  and  the  north-east  weaker,  In  the  Indian  Ocean  the  southeast 

and  mure  easterly ;  the  effect  is  reversed  trade  wind  prevails  between  2i^  and  i(i° 

when  he  gets  towards  the  tropic  of  Ca-  of  south  latitude,  from  within  a  lew  de- 

pricom.  grees  of  the  east  side  of  Madas^rascar, 

The  trade- winds  would  blow  regu-  nearly  to  the  coast  of  New  HuLand; 

larly   round  the  whole  globe  within  the  but  from  the  lOth  degiee  of  sou  h  luli- 

distance    of    about  30  or  40  degrees  tude  to  the   norhein    shores  ot  thut 

from  the  equator  each  way,  if  the  space  ocean,  the  uoifoimity   ot  the  tio^icaJ 

witnin  those    limits  were  ail  covered  movements  of  tlie  atmosphere  is  de- 
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stroyed  by  the  moniooTU*,  which  belong  it  is  by  land  on  the  north*  the  trade- 

to  the  class  of  periodical  winds.   These  winds  would  blow  over  it  (at  least  in 

blow  half  the  year  from  one  quarter,  the  central  parts)  as  they  do  in  the  At- 

and  the  other  half  from  the  opposite  di-  lantic  and  Pacific  Oceans.     But  it  ii 

rection:  when  they,  shift,  variable  winds  weU  known  that  water,  owing  to  its 

and  violent  storms  prevail  for  a  time,  transparency,  is  very  little  warmed  bj 

which  render  it  dangerous  to  put  to  sea.  the  sun*s  rays,  whereas    the  land  is 

They  of  course  suffer  partial  changes  in  powerfully  heated   by   them ;    conse- 

particular  places,  owing  to  the  form  and  quenOy,  when  the  sun  is  between  the 

position  of  the  lands,  and  to  other  cir-  equator  and  the  tropic  of  Cancer,  India, 

•umstances,  but  it  will  be  sufficient  to  Siam,  and  the  adjacent  countri^  be- 

give  their  general  limits  and  directions,  come  much  hotter  than  the  ocean ;  the 

Northward  from  the  third   degree  of  air  over  them  gets  rarefied  and  ascends; 

south  latitude,  a  south-toest  wind  blows  colder  air  then  rushes  in  frt>m  the  In- 

from  April  to  October — ^from  October  to  dian  ocean,  and  a  south-weft  wind  is 

April  a  north-east ;    these  monsoons  produced.  When  the  sun,  however,  has 

extend  over  the  China  sea,  but  here  thev  crossed  to  the  south  of  the  equator,  tliese 

incline  more  to  the  direction  of  north  countries  become  gradually  cool,  and 

and  south.    Between  the  3d  and  10th  the  north-east  trade- wind  resumes  its 

degrees  of  south  latitude,  a  north-west  course.    At  the  same  time  the  north- 

wind  blows  from  October  to  April,  and  west  monsoon  commences  in  the  south- 

ti  south-east  during  the  other  six  months  em  hemisphere,  in  consequence  of  the 

of  the  year:  the  former  is  seldom  steady  air  over  New  Holland  being  rarefied  by 

in  the  open  sea,  but  in  December  and  thepresence  of  the  sun. 
January  it  sometimes  extends  north-       The  monsoons  in  the  Red  Sea  blo«r  it 

wards  a  d^ee   or  two   beyond  the  the  direction  of  the  shores;  and  a  siiiulii? 

equator.     These  two  monsoons  have  effect  is  observed  in  the  Mosambiqae 

the  greatest  strength  and  regularity  in  channel,  between  Africa  and  Madhgas- 

the  Java  Sea,  and  thence  eastward  to-  car,  where  these  winds  follow  the  hne  of 

wards  New  Guinea.    The  facts  above  the  channel.    On  the  coast  of  Brazil, 

exhibited  may  be  thus  sununed  up : —  between  Cape  St.  Augustine  and  the 

from  April  to  October  a  south-west  island  of  St.  Catharine,  and  in  the  bay 

wind    prevails  north  of  the   equator,  of  Panama,  on  the  west  of  the  isthmus 

southward  of  this  a  south-east  wind —  of  that  name,  periodical  winds  occur 

from  October  to  April,  a  north-east  somewhat  similar  to  the  monsoons  of 

wind  north  of  the  equator,  and  a  north-  Asia. 

west  between  the  equator  and  10°  The  land  and  sea-breezes,  which  are 
of  south  latitude ;  south  of  this  the  common  on  coasts  and  islands  situated 
usual  trade  wind,  which  is  in  motion  between  the  tropics,  are  another  kind  of 
through  the  whole  year.  periodical  winds.  During  the  day,  the 
In  attempting  to  account  for  these  air,  over  the  land,  is  strongly  heated 
movements  of  the  atmosphere  over  the  by  the  sun,  and  a  cool  breeze  sets  in 
Indian  Ocean,  the  first  thing  which  from  the  sea ;  but  in  the  night  the  at- 
s'rikes  us  is,  that  the  north-east  and  mosphere  over  the  land  gets  cooled, 
south-cast  monsoons,  which  are  found  while  the  sea,  and  consequently  the  air 
the  one  on  the  north  and  the  other  over  it,  retains  a  temperature  near^ 
on  the  south  side  of  the  equator,  are  even  at  all  times :  accordingly,  after  sun- 
nothing  more  than  the  trade-winds  set,  a  land-breeze  blows  otf  the  show. 
blowing  for  six  months,  and  then  sue-  The  sea-breeze  generally  sets  in  about 
ceeded  for  the  remainder  of  the  year  by  ten  in  the  forenoon,  and  lasts  till  six  in 
winds  directly  opposite.  It  is  also  to  the  evening;  at  seven  the  land  lireeie 
be  noticed  that  the  south-west  monsoon  begins,  and  continues  till  eight  in  the 
in  the  northern,  and  the  north-west  morning,  when  it  dies  away.  These 
monsoon  in  the  southern  hemisphere,  alternate  breezes  are,  perhaps,  felt  more 
each  prevails  while  the  sun  is  perpen-  powerfully  on  the  coast  of  Malabar  than 
dicular  to  their  respective  regions :  they  anywhere— their  effect  there  extends  to 
are,  therefore,  comiected  with  the  im-  a  distance  of  twenty  leagues  fit>m  the 
mediate  presence  of  that  luminary..  If  land.  During  summeivme  sea-breeu 
the  Indian  Ocean  were  not  twunded  as  is  very  perceptible  on  the  coasts  of  the 

•  From  the  Malay  word  moouin,  which  signifieg  a  MediteiTanewi,  and  sometimes  even  as 

«Mio».  far  north  as  Norway. 
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We  thus  perceive  that  within  the  limits  JVhirlmnds  sometimes  arise  from 
of  from  28  to  30  degrees  on  each  side  of  winds  blowing  among  lofty  and  precipi- 
the  equator,  the  movements  of  the  at-  tons  mountains,  the  form  of  which  m- 
mosphere  are  carried  on  with  great  regu-  fluences  their  direction,  and  occasions 
larity ;  but  beyond  th^se  limits,  the  winds  gusts  to  descend  with  a  spiral  or  whiriing 
are  extremely  variable  and  uncertain,  and  motion.  They  are  frequently,  however, 
the  observations  made  have  not  yet  led  to  caused  by  two  winds  meeting  each  ottier 
an^  satis&ctonr  theory  by  which  to  ex-  at  an  an^e,  and  then  turning  upon  a  cen- 
plain  them.  It  appears,  however,  that  tre.  When  two  winds  thus  encounter 
beyond  the  region  o(  the  trade-winds,  the  one  another,  any  cloud  which  happens 
most  frequent  movements  of  the  atmos-  to  be  between  them  is  of  course  con- 
phere  are  from  the  9<mth-west^  in  the  densed  and  tiumed  rapidly  round ;  and 
north  temperate  zone,  and  from  the  all  substances  sufficiently  light  are  car- 
norlh'West,  in  the  south  temperate  zone,  ried  up  into  the  air  by  the  wliirling  mo 
This  remark  must  be  limited  to  winds  tion  which  ensues.  The  action  of  a 
Uowinji^  over  the  ocean  and  in  maritime  whirlwind  at  sea  occasions  the  curious 
countnes ;  because  those  in  the  interior  phenomenon  called  a  water-spout,  which 
of  continents  are  influenced  by  a  variety  is  thus  described  by  those  who  have 
of  circiunstances,  among  which,  the  witnessed  it  From  a  dense  cloud  a  cone 
height  and  position  of  chains  of  moun-  descends  in  the  form  of  a  trumpet  with 
tains  are  not  the  least  important.  These  the  small  end  downwards ;  at  the  same 
south-west  and  north-west  winds  of  the  time,  the  surface  of  the  sea  under  it  is 
temperate  zones  are  most  likely  occa-  agitated  and  whirled  round,  the  waters 
rioned  in  the  following  manner : — In  the  are  separated  into  vapour,  and  ascend 
torrid  zone  there  is  a  continual  ascent  of  with  a  spiral  motion  till  they  unite  with 
ah",  which,  ajfter  rising,  must  spread  itself  the  cone  proceeding  from  the  cloud ; 
to  the  north  and  south  in  an  opposite  fr^uently,  however,  they  disperse  before 
direction  to  the  trade-winds  below:  these  the  junction  is  effected.  Both  columns 
upper  currents,  becoming  cooled  above,  diminish  towards  their  point  of  contact, 
at  last  descend  and  mix  themselves  witii  where  they  are  not  above  three  or  four 
the  lower  air;  part  of  them  may  perhaps  feet  in  diameter.  In  the  middle  of  the 
fiill  again  into  the  trade-winds,  and  the  cone  forming  the  water-spout,  there  is  a 
remainder,  pursiung  its  course  towards  white  transparent  tube,  which  becomes 
the  poles,  occasion  the  north-west  and  less  distinct  on  approaching  it,  and  it  is 
sout  n-west  winds  of  which  we  have  been  then  discovered  to  be  a  vacant  space  in 
roeaking.  It  has  also  been  conjectured  which  none  of  the  small  particles  of 
that  these  winds  may  frequently  be  water  ascend ;  and  in  this,  as  well  as 
caused  by  a  decomposition  of  the  atmos-  around  the  outer  edges  of  the  water- 
phcre  towards  the  poles,  from  part  of  spout,  large  drops  of  rain  precipitate 
the  air  being  at  times  converted  into  themselves.  In  calm  weather,  water- 
water,  spouts  generally  preserve  the  perpendi- 
Hurricanes  have  been  supposed  to  be  cular  in  their  motion;  but  when  acted 
of  electric  origin.  A  large  vacuum  is  on  by  winds  they  move  on  obliquely — 
suddenly  created  in  the  atmosphere,  into  sometimes  they  disperse  suddenly,  at 
which  vacuum  the  surrounding  air  rushes  others  they  pass  rapidly  along  the  surface 
with  immense  rapidity,  sometimes  from  of  the  sea,  and  continue  a  quarter  of  an 

rjsite  points  of  the  compass,  spreading  hour  or  more  before  they  disappear.    A 

most  frightful  devastation  along  its  notion  has  been  entertained  that  they 

track,  rooting  up  trees,  and  levelling  are  very  dangerous  to  shipping,  owing  to 

houses  with  the  ground.    They  are  sel-  the  descent,  at  the  instant  of  their  break- 

dom  experienced  beyond  the  tropics,  or  ing,  of  a  large  body  of  water  sufficient  to 

nearer  the  equator  than  the  9th  or  1 0th  sink  a  ship ;  but  this  does  not  appear  to 

parallels  of  latitude ;  and  they  rage  with  be  the  case,  for  the  water  descends  only 

tiie  greatest  fury,  near  the  tropics,  in  the  in  the  form  of  heavy  raia     It  is  true, 

vidnity  of  land  or  islands,  while  far  out  that  small  vessels  incur  a  risk  of  being 

in  the  open  ocean  they  rarely  occur,  overset  if  they  carry  much  sail;  be- 

TTiey  are  most  common  among  the  West  cause  sudden  gusts  of  wind,  from  all 

India  islands,  near  the  east  coast  of  points  of  the  compass,  are  veiy  common 

Mada^iscar,  the  islands  of  Mauritius  m  the  vicinity  of  water-spouta. 

and  Bourbon,  in  the  Bay  of  Bengal  at  «._— 
tiie  changing  of  the  monsoons,  and  on 
the  coa&ts  of  Cliina. 
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Oif  Phtiic AL  Climats.  tar)  this  potition  detenmnet  the  kiiKth  of 
^.  ,  r.  1.  j^  ..  .  '  the  day,  andtlie  direction  in  whiehtfae 
Ctrcunutanees  which  determne  lU  cha-  ^^^  '  ^^ke  the  earth.  When  the 
fucier-Mean(^walTmpercUui^  aim  roniins  a  long  time  abof •  tha  hflri- 
Extremes  0/ Hi^  and  Cold--I^'  ion.  his  continued  aetion  csauaea  a  ww- 
ihermal  Un^TemperaUirei  qfthe  ^^  aecumulation  of  heat;  the  n&hti 
Southern  and Nortl^  Hemuph^ei  id«>  being  ihort,  hut  little  of  UnafiUt 
canware^Quaniiiy  0/  ^^^^ton  e«aq)S&ring  his  absenee.  On  thii 
i^o/Rmntnw«rtaui  LiM^^  ;;;;j*^t  iti;;^^^^thmtheawtie 
Charactero/theSeoionitnthedtffer^  circle  the  lumtner  tempemtiue  ia  «» 
entZanei.  times  quite  oppreMhre*  The  dirediaB  is 
The  term  cltmafo  is  applied  to  the  state  which  the  rays  ftll  upon  the  aaxtii  if 
of  the  air,  in  ordto  to  express  that  parti-  another  important  eonndenilkm;  thsb 
eular  comhmation  of  temperature  and  greatest  forae  being  experienoed  vhea 
moisture  which  exists  in  the  atmosi^iere  they  are  perpendicular  to  the  sariMe.  Oa 
of  any  greater  or  less  extent  of  countoy.  the  contraiy,  when  the  sun  it  near  thi 
The  chmates  of  different  n^crns  of  the  horiion,  his  rays  merely  fiance  along  the 
fflobe,  and  the  causes  which  occasion  ground,  and  many  of  them,  bdbw  thsf 
tndrffreat  diversity,  are  interesting  niat-  reach  it,  are  absoibed  and  diaperse^ 
ters  m  inquiry.  If  an  uniform  climate  owing  to  the  density  of  the  loimtmatuni 
bid  been  communicated  to  the  whole  of  the  atmosphere  sJoogwIdBli  they  have 
globe,  we  should  not  have  seen  such  to  pass.  Bouguer  csleulaled  that,  out  cf 
wonderful  variety  among  the  animal  and  10,000  rays  fiuling  upon  fbB  eaith*i  at* 
vegetable  tribes;  and  many  things  that  mosphere,  8193  arrive  at  a  given  point 
now  raise  the  deligfat,  or  administer  to  ^  thiey  come  perpendiculariy ;  fH4,  U 
the  necessities  of  tm  human  race,  would  the  siiffie  of  oireotion  b  60  dsgnea ; 
have  been  entirely  unknowa  It  might  8831,  if  it  is  7  degrees,  and  onlf  6,if  the 
at  first  be  imagined  that  the  climate  of  direction  is  horisontsL 
any  particular  0ace  depended  soMy  upon  2-  It  is  well  known  how  the  tainera* 
the  action  of  the  sun;  but,  upon  nntber  toreof  ajdaceisinflueneedbytheaeva- 
consideration,  we  shall  find  that  there.are  tion  of  the  land.  In  Moeeediiy  from 
other  circumstances  to  be  taken  into  ao-  the  equator  towards  duier  of  the  poles, 
count :  were  it  not  so,  any  two  places  without  altering  our  height  above  the 
having  the  same  latitude,  aiul  conse-  level  of  the  sea,  we  must  travel  a  great 
quentfy  receiving  the  sun*s  rays  at  the  distance  before  we  find  the  mean  annusl 
same  angle,  would  enjoy  similar  climates,  temperature  reduced  even  a  few  degrees : 
which  is  by  no  means  the  case.  It  is  a  but,  by  increasing  our  elevation,  a  n^ 
wise  ordination  of  Providence  that  the  change  of  temperature  vrill  be  expe- 
sun's  action  is  modified  in  such  various  rienced,  till  we  arrive  at  thepoint  when 
vm)rs,  as  to  produce  a  more  equal  distrir  constant  frost  prevails.  TBe  extreme 
bution  of  heat  over  the  surface  of  the  cold  which  exists  in  the  upper  region  of 
globe  than  would  otherwise  have  existed ;  the  atmosphere  seems  to  be  owio^  to  the 
by  means  of  which,  krge  regions  are  cxpansionof  the  air  (seechapu  viu^tfas 
adapted  to  the  residence  ajid. support  of  Treatise  on  Heat) ;  pardy,  also,  to  till 
man,  that  would  else,  from  extreme  heat  circmnstance  of  that  region  behtt^bi^wl 
or  cold,  have  been  quite  uninhabitable,  the  reach  of  the  heat  reflected  sum  the 
There  are  eight  circumstances  which  surface  of  the  earth.  The  deeoreaaes  of 
determine  physical  climate : — 1.  The  heat,  at  equal  ascents,  are  not  alti^getiier 
power  of  the  sim's  immediate  action,  unifbrm,  as  they  take  jdaoe  more  tanftd^ 
which  increases  in  proportion  as  we  ap-  in  the  higher  parts  of  the  atmospherBi 
proach  the  equator ;  2.  elevation  of  the  The  annexed  toble,  abridged  firara  one 
ground  above  the  level  of  the  ocean ;  3.  drawn  up  by  Professor  Leslie,  shows 
position  with  respect  to  the  great  seas ;  that  even  under  the  equator,  where  ths 
4.  quarter  towards  which  the  surfiace  of  sun's  du^ct  influence  is  most  powerftd, 
the  country  slopes;  5.  position  anddirec-  an  ascent  of  rather  more  than  1S,00I 
tion  of  chms  of  mountains ;  6.  nature  of  feet  (about  2|  miles)  above  the  level  cf 
thesoil;  /.degree  of  cultivation  andun-  the  sea,  will  bring  us  within  the  regioa 
provement  to  which  the  country  has  of  perpetual  firost,  TTiis  jirovisioQ  of 
arrived  ;  8.  prevalent  winds.  nature  of  course  increases  considerablj 
1.  The  amount  of  the  immediate  solar  the  number  of  habitable  countries  withiB 

heat  depends  upon  the  position  of  the   the  torrid  zone. 

sun  in  the  ecliptic,  because  to  all  places  •  i„  n«^«.»  -.  kj^  ..  i  . .  i  -a  ^^JlirZ 

(whatever  their  distance  from  the  Equa-  tk.riomet?K;  bii*jS.rti*ri.^"i*b?..lK:j^ 
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of  the  suriiBce  over  which  it  passes.  A 
wind  coming  up  from  the  ocean  is  loaded 
with  vapours,  but  one  sweeping  over  an 
extent  of  land  is  rendered  dry  and  parch- 
ing. This  explains  to  us  why,  in  our  own 
isknd,  a  south-west  and  an  easterly  wind 
are  so  opposite  in  character. 

4.  Tne  aspect  of  a  country  hat  an  in 
fluence  upon  its  climate,  for  this  reason, 
that  the  angle  at  which  the  sun*s  rays 
3.  The  effect  of  the  sea  is  to  equalue    gtnke  the  ground,  and  consequently  the 
temperature,  so  that  a  maritime  country    power  of  those  rays  in  heating  it,  varies 
is  not  liable  to  such  extremes,  either  of    ^th  the  exposure  of  the  soil  relatively 
heat  or  cold,  as  an  inland  one.    The  sea    to  that  luminary.     When  the  sun  is 
itself  bem^  of  a  very  equable  tempera-    elevated  on  the  meridian  45  degrees  above 
ture,  the  winds  which  pass  over  an  ex-    the  horizon,  his  rays  fB^perpendieuktrly 
tent  of  it  partake  somewhat  of  the  same    on  the  side  of  a  hill  &cing  the  south 
oharaoter.     When  a  cold  wind  passes    at  an  equal  angle,  while  the  plain  be- 
over  sea  it  receives  part  of  the  warmth    low  receives  them  at  an  angle  qf  45 
of  the  water,  the  upner  particles  of  which    degrees.     Supposing  the  north  side  of 
being  thus  rendered  cooler,  and  conse-    the  hill  to  have  a  similar  slope,  the  rays 
qnently  heavier  than  those  below,  descend    would  run  parallel  to  its  suiface;  and 
and  are  succeeded  by  warmer  particles;    their  e£Pect  be  very  trifling,  but  if  the 
so  that  there  is  acora/t/iuo/ tendency  in  the    declivity  were  still  greater,  the  whole 
seato  temper  a  cold  wind  passing  over  its    sur&ce  would  be  in  the  shade.    This, 
sur^e.  A  cold  wind,  blowing  overland,    though  an  extreme  case,  serves  to  show 
is  at  first  rendered  warmer  by  the  earth's    why  temperature  varies  with  the  inclina- 
surface ;  but  this  surface  quickhr  becom-    tion  of  tne  earths  surfiEu^e.     Since  the 
ing  cooled,  ceases  to  have  any  enect  upon    warmest  part  of  the  day  is  not  when  the 
the  wind,  which,  therefore,  travels  on    sun  is  on  the  meridian,  but,  owing  to  the 
with  undiminished  rigour.      Again,  a    accumulation  of  the  heat,  two  or  three 
tuarm  wind,  in  passing  over  sea,  is  cooled    hours  afterwards,  it  follows  that,  in  our 
by  the  agitation  which  it  produces  brinf-    hemisphere,  a  south-south-west  or  south- 
ing up  cooler  water  from  below,  as  well    western  aspect  is  the  warmest,  and  a 
as  by  the  constant  evaporation  which  it    north-north-east,  or  north-eastern,  the 
occasions ;  the  sur&ce  of  the  water  also    coldest,  if  no  local  circumstances  exist 
cannot,  as  that  of  land,  be  powerfiiUy    to  make  it  otherwise.     The  effect  of  as- 
heated  by  the  sun's  rays,  because  it  at-    pect  is,  of  course,  most,  strikingly  seen 
fords  them  a  free  passage,  and  therefore    in  regions  covered  with  high  mountains, 
it  cannot  commumcate  heat  to  tlie  atmos-    In  the  Vallais  in  Switzerland,  the  Alps  are 
l^iere  in  the  degree  whicih  the  land  does,    on  one  side  covered  with  ice,  while  vine- 
rVom  these  circumstances  it  results,  that,    yards  and  orchards  flourish  on  the  other, 
though  a  place  situated  inland,  and  ano-        5.  Mountains  affect  a.cUmate  in  more 
ther  upon  a  coast  may  have  the  same    wavs  than  one.  They  attract  the  vapomrs 
mean  annual  temperature,  the  range  of    in  the  atmosphere,  and  causing  them  to 
the  tiiermometer  at  each  will  be  veiy    condense,  give  rise  to  those  vioknt  rains 
different,  the  summers  of  the  latter  win    which  are  often  experienced  in  the  neigh- 
be  coder,  and  the  winters  milder  than    bourhood  of  lofty  ranges.      They  also 
those  of  the  former.     It  is  frx)m  this    affcml  shelter  from  winds.     In  narrow 
cause  that  isluids  are  so  much  more    valleys,  the  sides  of  which  in  summer 
temperate  than  continents.     It  follows,    strongly  reflect  the    sun's   rays,    this 
too,  that  countries  in  our  hemisphere  will    shelter  sometimes  renders  the  heat  very 
be  rendered  warmer  by  having  large    injurious.     One  reason  why  the  central 
tracts  of  land  to  the  south  uid  sea  to  the    and  southern  parts  of  European  Russia 
liorth,  and  cooler  when  the  relative  posi-    are  exposed  to  greater  cold  than  their 
tion  of  these  two  is  reversed.     This  fieust    latitude  and  inclination  southward  woukL 
is  exemplified  by  a  comparison  of  the    lead  us  to  expect,  is  the  absence  of  any 
.  ohmate  of  India  with  that  of  Africa  north    chain  of  mountains  to  protect  them  from 
of  the  equator,  the  heats  of  the  former    the  full  influence  of  the  winds  blowing 
country  being  much  more  supportable    from  the  White  Sea  and  the  Ural  Moun- 
than  those  of  the  latter.     Not  only  the    tains.     The  inhospitable  climate  of  Si- 
temperature  of  a  wind,  but  also  its  de-    beria  arises  ftx)m  its  descent  towards 
gree  of  moisture,  depends  upon  the  nature    the  north  exposing  it  to  the  winds  of  the 
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TVozen  Ocean,  while  at  the  same  time  quantity  of  moisture;  it  being  wdl  known 

the  vast  mountainous  chains  that  cross  that  there  is  a  great  evaporation  from  the 

central    Asia,    intercept  the   southern  leaves  of  v^tables.    The  sultry  atmo- 

winds,  whose  access  would  tend  to  miti-  rohere  and  dreadful  drcnights  of  the  Cape 

gate  the  rigour  of  the  atmosphere.  de  Verde  islands  are  owing  to  the  destruo- 

6.  It  is  evident  that  the  nature  of  the  tion  of  the  forests ;  and  Gi«eoe,  Italy,  and 
s(nl  must  very  materially  operate  upon  other  countries  are  said  to  have  been 
dimate.  One  soil  acqiures  heat,  keeps  deteriorated  in  climate  from  the  nme 
its  acquired  heat  much  longer,  or  reflects  cause.  It  is  attributed  to  this  alao  that 
it  more  readily,  thaji  another.  One,  the  southern  part  of  Iceland  is  more 
whu^  from  its  pcntnis  chsjacter  allows  accessible  than  formeiiy  to  the  cold  which 
the  rain  descending  upon  it  to  pass  proceeds  from  the  Arctic  Ocean. 
fifeely  into  Uie  earth,  will  emit  much  8.  The  combined  influence  off  the  »- 
fewer  exhalations  than  one  which  retains  vend  causes  of  physical  dimate  which 
the  vraters  near  the  surface.  Thus  we  have  been  considering  will  be  vukasly 
dayey  or  marshy  grounds  lower  the  modified  by  the  prewueni  teimU  off  a 
temperature,  and  especially  in  hot  and  country.  This  is  obvioiu  enough,  be- 
humid  climates,  aifect  the  atmosphere  in  cause  we  know  that  the  diancter  off  a 
a  manner  pemidous  to  health;  on  the  wind  depends  upon  the  quarter  whence 
other  hand,  those  which  are  lisht,  stony,  it  comes,  and  the  surftoa  Ofver  which  it 
or  cali^reous,  tend  to  make  me  atmos-  passes.  Great  Britain,  for^  example, 
phere  salubrious.  The  great  cold,  and  would  in  a  great  measure  lose  its  insular 
the  unwhdesome  air  that  prevail  in  the  climate,  if  its  prevuling  winds  came 
Russian  governments  of  Astracan  and  across  the  continent,  instead  off  fron  the 
Orenbuiv,    lying  to  the  north  of  the  Atlantic  Ocean. 

Caspian  Sea,  are  attributed  partly  to  the  Notwithstanding  the  several  dreum- 

nline  nature  of  the  soil ;  and  it  is  well  stances  which  we  have  thus  panted  out 

known  that  the  arid  tracts  of  sand  in  as  influencing  dimate,    and  which  oc- 

Africa  and  Arabia,  conduce  not  a  little  to  casion  numerous  local  irregolaxities,  the 

the  excess  of  heat  under  which  those  coun-  temperature,  with  iheae  exceptions,  be- 

tries  labour.  comes  gradually  lower  as  we  pass  from 

7.  Without  cultivation,  few  climates  the  equator  towards  either  of  ue  pdes. 
would  be  healthy  or  agreeable.  In  coun-  By  this  is  not  to  be  understood  the  tem- 
tries  to  which  the  laoours  of  dviUzed  perature  of  any  particular  day,  or  even 
man  have  never  been  extended,  the  ri-  season,  but  the  mean  annual  tempera- 
vers,  spreading  themselves  over  the  low  iurct  which  is  obtained  by  adding  toge- 
grounds,  form  pestilential  marshes,  and  therthe  temperatures  of  all  ^months*. 

forests,  thickets,  and  weeds  are  so  nu-     

merous  andimpenetrable,  as  to  prevent  ^^J^^  ''^S^^^I^^l^t^ST^^t  STE 

the  earth    from  receiving    the  beneficial  daily  temperature  is  the  «Ym«e  of  terenl  oImott^ 

influence  of  the  SUn*S    rays.      The   air,  tioM  made  at  stated  period^erery  hoar  or  bUf  how. 

from  these  causes,  is  constan^  fiUed  SU'flSir.'orjS^S.SL'^  u'*r.l5*Sy£ 

with     noxious    exhalations.         But    the  aome,  and  shorter  methods  of  disoororiar  tiM  nieaa 

efforts  of  the  human  race,  conducted  with  Si^rr'SSSt^/^  iSI'd^tTjiS; 

SkUl  and   perseverance,  produce  a    SUr-  latingwhat  this  is  under  different  pamUala  of  laffi^ 

prising  chance :    marshes  are  drained :  *»<*  "»•  results  no  doubt  approach  ▼wrj  aaar  to  the 

rivers  emhiinkPr!  •  f  hp  «fti1  hmVpn  im  Kv  *™*** »  ^'*'  *'  *^^*  obviousjiy  be  incomet  to  applr 

nvers  emtmnKea ,  me  sou  proken  up  by  ^^^  ^les  to  any  particular  plac^  beevMa  w«  ^bM 

the  plough  IS  exposed  to  the    sun    and  be  uncertain  how  the  climate  of  tbat  plaet  waa 

wind,  and  the  clearinff  away  of  the  forests  *ff««t«i  ^l  ^•i  circumsunces.   Tb*  Uat  j**^ 

««;j<>o4K»  fA».*x^w,4..JX ,f -.11             ^  w  to  ascertain  at  what  period  in  each  day  {^a^vg 

raises  the  temperature,  and  allows  a  freer  one  dav  with  another)  thTthermometer  atudb  at  itt 

circulation  to  the  atmosphere.       There  is  ^^^^  height  for  the  day;   and  whea  this  baa  beta 

Uttle  doubt  that  many  parts  of  Europe  t^'^^^r  *r.Mrcr"'i{' :^  Sj^l 

enjoy  a  milder  climate  now  than  they  did  that  the  time  at  which  the  thermometer  kbows  the 

in  the  time  of  the  Romans,  or  even  at  "»•*"  •****  ^^^  **»•  ^^h  *»  •**<»'  »qa»rtor  or  half 

-TiAM/vrla  .^..^u  »^^w>  ^^^^»4       o            I  J'  past  eight  in  the  momine.     Anothernetbod  of  du- 

penods  much  more  recent.      Several  dlS-  Sovering  the  mean  annukftemperature  at  wo^i  ^aoe. 

tncts  m  North  Amenca  have  experienced,  »»  to  observe  the  height  of  the  thermometer  in  earl- 

as  the  country  has  become  more  widely  J*'**  V.f  T!^^*^!**'^!^''  '*"i  **^*'*"  ""^5***  '^.J^ 

^  ,.1    ,         .     /.       .                   ^   iiiwiv    *T«jcijr  found  that  this  hnght  nearly  corresponds  witb  the 

settled,  a  similar  improvement  of  climate,  mean  annual  height  in  the  air  above.    M.  Laeimi,  ia 

The   destniction  of    forests   may,     how-  ^"*  "^^^^  •>»  Physical  Geography,  states  that  ia  the 

Avor    \\a  r.a««;«^  f^  «   »^»»:^:               t.     i,  caves  below  the  Observatory  at  Paris,    (latiS^ 

ever,  l)e  carried  to  a  pernicious  extent,  .U)ut  85  feet  below  the  surfice.   Fahreiheifs  tber- 

eitner  by  depnving  a  country  of  slielter  mometer  constantly  »Und»  between  58®  and  w^ 

from    particular  winds,   or  (eST)ecially  in  "arcely  ever  varying  two  degrees,  while  above,  thi 

k,a  ..ut«»i^  \  1       1           \     \^     i^v.v.*«aij  M*  difference    of  temperature    betwrcn  summer   aad 

not  Cimiates)  by  lessemng  too  much  the  winter  someUmet  exceeds  900.    jn  tjj,  ^^  ^j^  ^ 
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iLnd  dividing  the  sum  by  the  number  of  exposed  to  the  outer  air,  and  also  vfhcre 
months  in  the  year ;  so  that  the  mean  there  are  no  surfacps  immediately  near 
annual  temperature  expresses  that  height  to  reflect  the  sun's  ravs.  The  most  ex- 
at  which  the  thermometer  would  st&ad  treme  cold  experienced  is  in  the  northern 
at  any  place,  if  we  could  suppose  it  per-  parts  of  Asia  and  America.  In  Siberia, 
fectly  stationary  throughout  the  wnole  as  far  south  as  the  58th  degree  of  lati- 
year.  It  is  not  sufficient,  however,  to  take  tude,  M.  Pallas  observed  the  freezing  of 
oneyear  only,  but  a  series  of  at  least  ten  mercury*.  The  same  nhenomenon  is  by 
or  mteen  years,  from  the  mean  result  of  no  means  unusual  at  Quebec.  At  Hudr 
which  series  a  conclusion  nearly  accurate  son's  Bay  the  spirit  thermometer  has 
may  be  drawn.  Though  the  temperature  sunk  to  —  50^,  and  at  Melville  island, 
of  a  place  is  continually  varying,  and  (N.  lat  74 i^)  where  Captain  Parry  win- 
though  the  changes  occur  frequenthr  in  tered  in  his  first  north-western  expedi- 
the  most  sudden  manner,  it  never  differs  tion,  it  fell,  on  ^e  15th  February,  1820 
more  than  a  certain  number  of  degrees  to  55  degrees  below  zero. 
either  way  from  its  mean  state;  and  when  A  treatise  upon  isothermal 'V  lines, 
it  has  reached  either  extreme,  a  reaction  published  some  years  ago  by  M.  Hum- 
may  shortly  be  expected.  In  the  torrid  Dcldt,  gives  several  curious  results 
zone  any  excessive  accumulation  of  heat  drawn  from  various  observations  upon 
is  prevented  by  the  constant  blowing  of  temperature  made  by  himself  and  others, 
the  trade-winds  from  cooler  regions ;  and  A  few  of  these  it  will  be  proper  to  notice 
in  the  frigid  zones  the  tendency  to  great  here,  because  they  illustrate,  in  a  strik- 
extremes  which  arises  fi^m  the  continued  ing  manner,  the  fact  upon  which  we  have 

{)resence  of  the  sun  in  sununer,  and  his  already  rraiiarked,  that  the  climates  of 

ong  absence  in  winter,  is  counteracted  by  places  do  not  depend  solely  upon  the 

the  drculation  of  the  atmosphere,  uid  by  direct  action  of  the  sun.    If  it  were  so, 

the  circumstance  that  the  fields  of  ice,  in  all  places   having   the    same  latitude 

melting,  absorb  large  quantities  of  heat,  would  experience  me  same  mean  annual 

while  on  the  other  hand  warmth  is  eiven  temperature.    It  had  long  been  known 

out   when  the  sur&oe  of  the  ocean  is  that  this  was  not  the  case,  espeicially  on 

being  frxizen  over. — (See  chap.  ix.  of  the  ooinparing  Europe  with  America ;  but 

Treatise  on  Heat,)  M.  Humboldt's  statements  will  enable 

The  extremes  of  temperature  which  us  to  form  some  idea  of  the  amount  of 

have  been  witnessed  in  different  parts  of  the  difference.    According  to  that  phi- 

the  globe  are,  nevertheless,  very  consi-  losopher,  the  isothermal  hue  which  indi- 

derable.    In  New  South  Wales,  Fahren-  cates  the  temperatiue  of  32  degrees  (the 

heit's  thermometer  sometimes  rises  to  fr'eezin^  point  of  water)  passes  between 

100  deg[rees  and  upwards;  at  Pekin,  in  Ulea,  m  Lapland  (lat.  66^)  and  Table 

China,  it  has  been  seen  at  1 10^,  and  at  Bay,  on  the  coast  of  Labrador,  in  North 

different  pkces  in  India  at  1 1 0^,  and  even  America,  lat.  54^.     The  isothermal  line 

115^.  Major  Denham,  in  his  late  travels  of  41  degrees  passes  near  Stockholm, 

in  Africa,  observed  it  more  than  once  at  lat  59i**,  and  St.  dfeorge's  Bay,  New- 

113® ;  and  at  Belbeis,  in  Egypt,  it  is  said  foundland,  lat  48®.    The  line  of  50  de- 

to  have  risen,  under  the  iimuence  of  the  grees  runs  through  the  Netherlands,  lat 

hot  wind  from   the  desert,  to  125®*  51®,  and  near  Boston,  in  the  United 

These  heights  are  intended  to  express  the  States,  lat  42^®;  that  of   59  between 

degree  of  heat  in  the  *Aa<fe.   The  accuracy  Rome  and  Florence,  lat  43®,  and  near 

of  the  observations  depends  upon  the  Raleigh,  in  North  Carolina,  lat  36®. 

circumstances  imder  wliich  they  were  Taking  similar  latitudes,  the  following 

made,  since  it  is  reqmsite  that  the  ther-  are  the  differences  of  temperature  be- 

mometer  should  be  in  a  situation  freely  tween  the  west  of  Europe  and  the  east  of 

"VTieltclcsa,  in  PoUnd  (lat  W*),  from  the  depth  of  ^eu  tmpmrtm  M«m  tempcntv* 

880  to  fhftt  of  7^  feet,  tbe  tkermonieter  ttaade  at  in  ih*  Wot  of         in  the  Eui  of 

•boat  50^.     At  Cains  is  Erypt,  (latSty^,  at  (he 
liottom  of  Joeeth's  ntXL  (SIO  feet  deep),  it  stands  at 

2°  i  ia  the  mines  of  Mexico  (l«t.  9(r>\  ISSO  htX 
loir  the  snrfaee.  it  stands  at  74|°.  In  these  heights 
we  diseera  bow  the  temperature  incxvases  on  ap> 
pvoachiaf  tte  eonator. 

*  When  the  tkermometer  is  raised  to  raeh  an  ex-  ... 

traoidinary  height  as  this,  it  is  probably  the  effect  *  This  takes  place  when  the  mereorj  has  sank  to 

prodaoed  by  Terr  Sne  particlee  of  sand  whieh  ai«  80  or  40 degrees  below  xero. 

earned  aloag  by  the  atmosphere.    Hambohit,  in  the  f  This  is  derived  from  two  Greek  words,  and  sig- 

aiid  plains  of  Soath  America,  has,  daring  a  wMtfo/  nifies  e^eo/   Aeat  or  fempcrofure.     An  isothermal 

MMd,  seen  it  at  1144  degrees  nearly;  while  in  Pei-  Ifaie.  therefons  is  aline  drawn  orer  plaeca  which 

saa,  in  the  North  of  Africa,  it  has  risen,  doabtless  hare  the  ttme  tempenUmrt  {<mnmlt  onless  ethsfwise 

from  the  cause  just  noticed,  to  135.6  degrees.  txoreued. ) 
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From  the  annexed  table,  there  appean  eastern.     The  same  diff^erenoe  ^bdi 

to  be  nearly  as  much  difference  between  has  been  observed  between    the    two 

the  mean  temperatures  of  the  eastern  shores  of  the  Atlantic,  exists  between  the 

and  western  parts  of  the  old  continent  as  two  opposite  coasts  of  tlie  Pacifto.    In 

between  those  of  the  oppcMote  shores  of  the  north  of  China,  the  extremes  off  thi 

Europe  and  America : —  seasons  are  much  more  feh  than  in  the 


same  latitudes  in  New  California,  and 
at  the  mouth  of  the  Cohimba.      On 

StMtloes     .   4f  39'M.     l<>67'w.     M^  f^^  eastern  nde    of  North  Ameiioa, 

Amsterdam    .   62  ffl        ,n  52  "*     ^  7  the  same  extremes  occur  as  in  Cttna. 

vPL^T^  :  69  t\       \l  fs         fd  New  York  has  ttie  summer  ^Bam 

Naples  ...   40  60        14  10         63.6  and  the  Winter  of  Copenhagen.   Quebee 

Vienna      .    .   48  11        16  22         60.6  has  the  summer  of  Paris  and  the  winter 

Warwiw    .   .   62  14       21  10         48.6  of  Petersbuigh.      In  the  same   maii- 

SI^^^'^K-   K  S^ti       ln?i         ^i  ner,  at  Pekin,  which  has  the  mean  tem- 

plkMChinlN9  64      mi         64!?  perature  of  Britain,  the  heat  off  s^ 

M.Humbokit,  after  tracing  the  iso-  «  greater  than  at  CairtH  and  tfie  edd 

thermal  Imes  across  America,  concludes  ^  T^*«:  "« ^^,  •*  ^IlnLJ^ 

that,  in  California  and  thence  northward  an^ogy  between  the  eeslCTii  eoasts  off 

along  the  western  side  of  that  continent,  f^^ ,  ^"^  ^™^  JT^^^  ^^^ 

the  temperature  is  nearly  the  same  asm  that  the  inequahty  of  the  Kaaon^  de- 

similar  toltudes  on  the  western  side  of  p°**  "If^  S!  S!!^^  ^^^ 

Europe.    "  Europe,''  he  then  observes,  laigement  of  the  contoents  towar^  the 

maybe  considered  altogether  as  the  P^.  and  upon  the  frequency  off  the 

-_xr- ^  _r i.  Zz^ti A_ J  nnrfn-wpiit  winds,    and    not    iniMi  th* 


off  all  continente  to  be  warmer  than  the  the  preceding  remarks :— 

JC«M  M«n  tcmfcntos.  DMIhwn  ia  Um 

iMUtmdm,     amraal  «  ■         ■  ^  ■  i    hmtot 

PlacM.  Nonii.    tanqHtmttM.  Winter.       8ptli«.  BwwMr.    ▲•toam.    CaMMtM.  BmimI M. Um* mm*b. 

PhiUdetphU    39.56    5^.86    3^.98    53.06  75.20    56.32    32.70    7*7.00      14.30 
Pekin        .     39.64    64.86    26.42    56.30    82.58    54.32    24.62    84.38      59.76 

Naotes    .    .47.13     54.68     40.28     54.50  68.72     55.58     39.02     70.52      31.50 

Rome        .     41.53     60.44     45.86     57.74  75.20     62.78    42.08     77.00      34.92 
Paris  .         .    48.50     51.44     37.92     49.64     64.40     51.26     35.96     67.46       31.60 

Quebec     .      46.47     41.72     14.18    38.84  68.00     46.04     12.74     73.40      60.66 

Upsala  .     .     59.5.     41.9      24.98    39.38  60.20    42.80     24.26     61.88       37.62 

The  fact  that  places  which  have  the  certain  distance  from  the  equator,  the 
same  annual  temperature  experience  temperature  of  the  southern  blower  than 
very  different  seasons,  is  clearly  exhi-  that  of  the  nortiiem  hemisphere.  In 
bited  in  this  comparison.  From  Hum-  speaking  of  the  temperature  of  the  ocean, 
boldts  inquiries,  it  appears  that  the  lines  we  have  already  obKserved  that  ice  is 
wliich  mark  the  winter  temperature  de-  feUen  in  with  much  sooner  in  aazlinig 
viate  much  more  from  the  parallels  of  towards  the  south,  than  it  is  in  approach- 
latitude  than  those  which  express  the  ing  the  north  pole.  Humbout  says, 
mean  annual  temperature.  In  Europe  that  near  the  equator,  and  indeed  through 
the  latitudes  of  two  places  which  have  the  whole  of  the  torrid  zone,  the  tem- 
the  same  annual  heat,  never  differ  more  perature  of  the  two  hemispheres  appears 
than  8°  or  9° :  but  the  difference  of  latir  to  be  the  same ;  but  that  the  difference 
tude  in  those  having  the  same  winter  begins  to  be  felt  in  the  Atlantic  about  22® 
temperatiu^  is  sometimes  no  less  than  of  fiititude ;  the  mean  temperatures  off 
18°  or  19°.  The  wnter  of  Scotland  is  Rio  Janeiro  and  Havannah,  piaoes  at 
as  mild  as  that  of  Milan.  With  respect  about  an  equal  distance  ftt)m  the  equator 
to  summer,  the  same  heat  takes  place  at  (23  degrees)  being  in  the  latter  instanei 
Moscow  and  at  the  mouth  of  the  Loire,  76°  4,  and  in  the  former  only  74*^^.— 
though  the  former  is  nearly  9  degrees  The  southern  climates  generally  difo 
north  of  the  latter.  Ireland  is  remark-  from  the  northern  with  respect  to  the 
able  for  mild  winters  and  cold  summers ;  distribution  of  temperature  tnitHigh  the 
the  mean  temperature  in  Hungary  for  different  parts  of  the  year.  Inthesouth- 
the  month  of  Ausriist  is  71°. 6,  whfle  in  em  hem&phere,  under  the  isothermal 
Dublm  It  is  no  more  than  60°.8.  lines  of  45°  and  50°  there  are  summers 

It  IS  generaUy  believed  that,  beyond  a  which,  in  our  hemisphere,  belong  to  the 
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lines  35  J®  and  41**.     There  is  no  accu-  absorption  of  heat  by  the  melting  of  the 

rate  information  as  to  the  mean  tempera-  ice,  as  it  gradually  advances  into  warmer 

ture  of  any  place  beyond  5(r  of  south  parts,  keeps  the  air  at  a  lower  tempera* 

latitude )  but  there  is  erery  reason  to  ture  than  in  the  northern  hemisphere^ 

suppose  that  it  differs  conmdeirably  from  where  circumstances  are  not  fovourable 

that  of  plaoes  in  the  same  degree  of  north  to  the  passage  of  the  polar  ice  out  of  the 

latitude.  regions  in  which  it  is  formed.    Beyond 

Hie  same  writer,  in  the  second  Tolume  the  limit,  however,  at  which  the  ice  dis- 

of  his  Personal  Narratiye,  presents  the  appears,  but  little  effect  will  be  produced 

following  comparison  of  the  temperature  on  the  temperature  by  its  melting,  and 

of  the  air  in  both  hemispheres.    The  6b-  we  aocordingly  find  that  within  me  tor- 

servations  employed  in  drawing  it  up  rid  zone,  the  warmth  uf  one  hemisphere 

were  all  made  at  sea,  except  those  from  is  the  same  as  that  of  the  other,  ana  that 

^hich  the  mean  temnerature  for  S.  lat  as  fkr  as  the  d5th,  or  even  40th  degrees  of 

34  0  was  deduced,  whicn  were  made  at  the  latitude,  there  is  no  important  difi'crcnce. 
Cape  of  Good  Hope.  The  question  has  sometimes  been  agi- 

"'SSSSSU?*  i^-^ed,  whether  the  general  temperature 

^^^^^ »  of  the  globe  suffers  any  change.      Some 

uumAt.  cerMpeadteiMaaau.  H^u.  ^^  have  gone  so  far  as  to  imagine  that  it 

00— 15°    December  1  a„««^,  ^'  graduaUy  diminishes,  others  have  been 

June  J  °""*™*'^  ,    .     83.3  Of  opimon  that  it  receives  an  augmenta 

18     October     1  Autumn  ^^'^  ^^°*    Neither  of  these  theories  has  veiy 

April         /  81.5  solid  foundation;    it  is   scarcely  more 

2—26     January     1  winter    i^b   ^  ^^^  ^  century  smce  the  thermometer 

September  1  .    68  9  ^"  rendered  a  correct  measure  of  heat, 

"      March       J  ^"*"°*''  69.44r    *  and  the  number  of  observations  made 

34     December  1  winter     *    •    ^^-^^  ^^  ^*  ^^  different  parts  of  the  world  is 

June  J  66.84  by  no  means  sufficient  to  form  a  basis  for 

„       February  1  winter    ;«  ^a  ^^'^  ^^^^  sweeping  conclusions.    If  we  pos- 

August      J  6iJM  ^  ^^  sessed  a  regular  series  of  observations 

January     J  ^"°*"*' 59.36  taken  in  various  countries,  and  extending 

48     June  1  Summer  '    •    ^'^^  through  three   or  four    centuries,    wc 

December  j.^""*™*'^  44.6  should  most  likely  be  enabled  to  discover 

58     July  1  Summer  A  Z-  ^^^  *  mean  state  both  of  temperature  and 

January  /  43.16  moisture  to  which  the  atmosphere  con- 
The  coldness  of  the  southern  hemi-  tinually  returns ;  and  there  is  no  doubt 
sphere  has  frequently  beien  attributed  that  if  we  could  obtain  a  clear  insight 
to  a  circumstance  quite  inadequate  to  ex-  into  the  complex  machinery  which  re- 
plain  it,  namely,  that  of  the  sun  being  a  ^ates  the  seasons,  we  should  behold 
shorter  time  (by  7  i  days),  on  the  south,  tne  same  beautiful  harmony,  and  the 
than  on  the  north  siae  of  the  equator,  same  system  of  compensation  for  tem- 
A  much  greater  influence  than  we  can  poraryand  apparent  irregularities,  which 
assign  to  uiis  cause,  must  be  ascribed  to  we  are  able  to  discern  in  the  move- 
the  very  large  proportion  which  the  ocean  ments  of  the  heavenly  bodies.  Indepen- 
bears  to  the  land  of  the  southern  hemir  dent,  however,  of  any  question  as  to  the 
sphere,  in  consequence  of  which  its  di-  general  temperature  of  the  globe,  a  no- 
mate  differs  from  that  of  the  northern,  in  Ron  has  been  entertained  that  throuj^hoi#: 
the  same  way  as  an  insular  climate  Europe,  a  more  mild  and  genial  chmate 
differs  frt)m  a  continental  one.  But  formerly  prevailed:  but  such  historical 
eren  tMs  is  not  altogether  a  sufficient  evidence  as  can  be  collected  tends  to 
explanation,  and  there  stUl  remains  a  prove  exactly  the  reverse ;  and  that  the 
circumstance  that  deserves  attention,  climate,  as  mi^ht  be  supposed,  has, 
The  absence  from  the  south  polar  regions  generally  speaking,  improved  with  the 
of  any  great  extent  of  land,  and  the  advance  of  cultivation.  A  discussion  of 
manner  in  which  the  South  American  this  subject  will  be  found  in  the  first  arti- 
continent  terminates,  permit  the  grand  cle  of  the  Edinburgh  Review,  No.  LIX., 
current  gf  the  antarctic  ocean  to  flow  published  in  June,  1818.  That  article 
freely  td)  round  that  part  of  the  globe,  contains  a  list  of  the  remarkable  seasons 
towards  the  equator.  This  current,  which  have  taken  place  in  Europe  for 
being  unchecked  till  it  is  lost  in  the  several  centuries  past,  and  from  the  view 
westerly  movement  of  the  ocean,  carries  there  given  we  may  venture  to  conclude, 
along  vrith  it  the  circumnolar  ice  into  that  severe  cold  is  of  much  rarer  occiur- 
Tery  low  latitudes :    and  the  continual  rence  tlian  it  was  in  {otvcs.^x  ^<^%^ 
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Having  thus  noticed  the  subject  of  inch  is  said  to  have  fallen,  it  implies  that 

temperature,  it  will  be  proper  to  advert  the  rain  which  has  desceuded  on  any 

to  the  amount  of  moisture  which  the  at-  given  sur&ce  would  have  acquired  thai 

mosphere  contuns  in  different  parts  of  depth,  supposing  none  of  it  to  haye  been 

the  dobe.    In  the  course  of  this  inquiry  absorbed  by  the  groimd,  and  that  it  re- 

we  shall  not  make  use  of  the  results  given  ceived  no  addition  by  means  of  water 

by  the  hygrometer*,  because  that  instru-  flowing  from  the  parts  a4]acent  to  that 

ment  is  neither  so  well   known,    nor  surface.    The  avera^  yearly  quantity  of 

brought  to  such  a  correct  standard  as  the  rain  is  greatest  withm  the  tropics;  and 

thermometer,  but  merely  give  the  quan-  it  seems,  in  general,  to  diminish,  the  fiup- 

tity  of  evaporation,  and  the  depth  of  rain  ther  we  rec€^  from  the  equator.    In  the 

that  has  been  observed  to  fell  at  several  torrid  zone  it  amounts,  at  a  medium,  to 

places  upon  the  earth*s  surface.  100  or  110  inches,  while  in  the  noncth 

Other  things  being  equal,  evaporation  temperate  zone  it  cannot  be  stated  at 

is  the  more  abundant,  the  greater  the  .more  than  30  or  35  inches.   These  quan- 

warmthof  the  air  o^c/v^that  ofthe  eva-.  titles    are   very   differently    distributed 

porating  body,  and  least  of  all  when  their  throughout  the  year  in  tHe  two  zones: 

temperature  is  the  same.    Neither  does  the  number  of  rainjr  days  towards  the 

mudi  take  place  whenever  the  atmos-  equator  is,  in  the  m^ori^  of  places,  lesi 

phere    is    more  than    fifteen    decrees  tlmn  in  the  higher  latitudes,  uid  the  rain 

colder  tiian  the  sur&ce  upon  which  it  consequently  descends  there  in  the  most 

acts.     Winds  powerfiiUy  promote  eva-  violent  torrents:  at  Bombay,  16  inches 

poration,  because  they  bring  the  air  into  have  been  collected  in  a  gauge  in  the  space 

continual,  as  well  as  into  closer  and  of  twenty-four  hours.    In  general,  much 

more  violent  contact  with  the  sur&ce  more  ram  falls  in  mountainous  countries 

acted  upon,  and  also,  in  the  case  of  liquids,  than  in  plains,  and  in  countries  covered 

increase,  by  the  agitation  which  they  with  extensive  forests  than  in  those  where 

occasion,  the  number  of  pdnts  of  contact  wood  is  less  abundant.    Annexed,  is  a 

between  the  atmosphere  and  the  liquid,  table  of  the  annual  quantities  which  have 

It  must  be  fiEimiliar  to  every  person  that  been  observed  at  several  places, 

the  same  quantity  of  water  spread  over  a  puo«.                 uatada.  ,^j3JSSi? 

larger  space,  is  dried  up  in  a  less  period.  island  of  St.  Domingo    19°  N.    120  in. 

In  the  temperate  zone,  witli  a  mean  Ditto  Grenada  ...    12          112 

temperature  of  521  degrees,  the  annual       Calcutta 22i         70  to  75 

evaix)ration  has  been  found  to  be  between       ^°°^® ^         ^^ 

36  and  37  inches.    At  Cumana,  on  the       j^Ar>r> t?i        ^^,  oi 

coast  of  South  America  (N.  lat  lOJ),  LWcrpoor    *.    '    *    *    63§        f\ 

witli  a  mean  temperature  of  81.86  de-  Kendal, Westmoreland    54i         60 

grees,  it  was  ascertained  to  be  more  than  St.  Petcrsburgh     .    .    60         16 

100  inches  in  the  course  of  the  year;  at        Upsal 60         16 

Guadaloupe,  in  the  West  Indies,  it  has  The  average  annual  fall  of  rain  at 

been  observed  to  amount  to  97  inches.  Boml^ay  in  the  ten  years  1817  to  1826, 

The  degree  of  evaporation  very  much  was  78:1  inches ;  of  those  years  tlie  most 

depends  upon  the  difference  (greater  or  rainy  was  in  1822,  in  the  course  of  whk^ 

less)   between  Uie  quantity  of    vapour  nearly  113  inches  fell:  whereas  in  1824, 

wMch  the  surrounding  air  is  able  to  con-  a  season  of  extreme  drought  and  fimuoe, 

tain  when  saturated,  and  the  quantity  the  supply  did  not  much  exceed  34  inches, 

which  it  actually  contains.      M.  Hum-  At  Arracan,  in  1825,  nearly  60  inches 

boldt,    from  observations   made  in  the  were  registered  in  the  montli  of  July,  and 

passage  across  the  Atlantic,  found  that  above  43  in  August ;  from  which  we  may 

in  the  torrid  zone  the  quantity  of  vapour  conclude,  tliat  the  whole  quantity  within 

contained  in  the  air,  is  much  nearer  to  the  year  was  at  least   150  inches.      It 

the  point  of  satiuution  than  in  the  tem-  would  seem,  however,  that  at  some  places 

perate  zone.    The  evaporation  within  Uie  within  the  tropics  the  fall  is  much  more 

tropics  is,  on  this   account,  less  than  copious  even  tHan  this.    Humboldt,  on 

might  have  been  supposed  from  the  in-  tiie  authority  of  others,   mentions  two 

creaseof  the  temperatme.  instances  of  such  excessive  rain  as  al- 

The  quantity  of  rain  falling  upon  the  most  to  induce  a  suspicion  of  the  correct- 
earth  at  any  place  is  determined  by  ob-  ness  of  the  observations.  He  informs  us 
serving  the  height  of  the  water  collected  that  a  M.  Pereira  Lago,  by  means  of  a 
jn  a  pluviometer  or  rain-gauge.  When  an  pluviometer,  found  the  quantity  of  rain, 

•  Derived  from  t.he  Greek,  andwenifiw  mceiur*  ^^  ^^  X^^  1821,  at  San  Luis  do  Maran- 

^»oisturt.  hao,  in  Brazil  (S.  lat  2i),  to  be  280} 
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also,  that  Captain  Roussin  sphere  occur,  from  one  year  to  another, 

ict  of  more  than  160  inches  with  a  regular  and  umforra  succession 

n  at  Cayenne  in  ihe  single  unknown  in  this  part  of  the  world.    Two 

*\xruBry.—iSe€  vol,  vi.  of  the  seasons,  the  dry  and  the  rainy ^  divide 

of  Humboldt's  Personal  the  year.  The  latter  depends  upon  the 
Note  to  p.  276.)— -At  the  presence  of  the  sun ;  coimtries  north  of 
th^e  accounts  ajipear  less  the  line  have  their  wet  season  when  Umt 
rhen  we  n^ect,  that  over  luminary  is  in  the  northern  half  of  the 
immense  forests  of  Guyana  ecliptic,  that  is,  from  April  to  October ; 
;  weather  almost  tiie  whole  while  with  southern  counmes  it  is  exactly 
at  incessant  rains  of  four  or  the  reverse.  We  cannot  fail  to  be  struck 
ire  no  unconmion  occurrence,  with  this  admirable  arrangement  for*  al- 
>t,  however,  be  ima^ned  that  fording  shelter  frt>m  the  perpendicular 
)f  all  hot  countries  is  charac-  rays  of  the  sun,  the  unrestrained  in- 
ch abundant  rains ;  for  there  fluence  of  which  would  be  ^uite  insup- 
ich,  from  one  year  to  another,  portable.  Humbddt  has  given  us  an 
Imost  or  entirely  destitute  of  account  of  the  atmospheric  appearances 
s  the  case  along  an  extent  of  which  succeed  each  cAher  in  tnat  part  of 
Ircd  miles  of  the  coast  of  South  America  lying  between  4^  and  10° 
ypt  and  many  other  parts  of  of  north  latitude,  and  to  the  east  of  that 

also  in  the  desert  tracts  of  branch  of  the  Andes  which  terminates  on 
t  Cumana,  on  the  North  the  Atlantic  side  of  the  lake  of  Marar 
outh  America,  the  annual  caybo.  Nothing  can  surpass  the  clear- 
rain  is  scarcely  8  inches ;  ness  of  the  atmosphere  from  the  montii 
e  other  places  on  the  shores  of  December  to  tnat  of  January.  The 
inent  where  none  fEdls  for  sky  is  then  constantly  without  clouds; 
-s,  but  where,  nevertheless,  and  if  one  should  appear,  it  is  sufScient 
9  exceedingly  strong,  owing  to  excite  the  whole  attention  of  the  inhar 
Uty  of  the  atmos^ihere.  bitants.  The  breeze  from  the  east  and 
known  that  the  air  becomes  the  cast-north-east  blows  with  violence. 
;ss  loaded  with  vapours,  the  The  immense  plains  (called  Llanos), 
icend.  On  looking  from  the  which  in  the  rainy  season  display  a 
Andes  towards  me  Pacific  beautiful  verdure,  gradually  assume  the 
iziness  is  often  seen,  spread  aspect  of  a  desert ;  the  grass  is  reduced 
rer  the  surface  of  the  waters  to  powder,  the  earth  cracks ;  and  the 
it  of  9500  or  11,500  feet;  alligator  and  the  large  serpents  remain 
3,  in  a  season  when  the  at-  buned  in  the  dried  mud  till  the  first 
)eheld  from  the  coast  and  at  showers  of  the  year  awaken  them  fhnn 
quite  pure  and  transparent,  their  lethargy.  About  the  end  of  Febru- 
se  of  vaxwur  in  the  upper  ary,  and  the  beginning  of  March,  the 
the  atmosphere,  combined  blue  of  the  sky  l^omes  less  intense,  Uie 
refaction  of  the  fdr,  is  tlie  hygrometer  ixidicates  greater  humiditv, 
e  beautiful  deep  tint  which  and  the  stars,  veiled  at  times  by  a  slight 
umes  when  viewed  from  the  vapour,  lose  the  steady  and  planetaiy 
r  lofty  mountains.  Small  lignt  which  before  distinguished  them, 
clouds  are  sometimes,  how-  Tne  breeze  at  this  period  becomes  less 
Loating  above  the  Andes  at  strong  and  regular,  and  is  often  inter- 
of  25,000  feet;  from  which  rupted  by  dead  calms.  The  clouds 
ec,  that  even  on  the  tops  of  accumulate  toward  the  south-south-east, 
he  colour  of  the  sky  is  not  so  appearing  like  distant  mountains,  witti 
ould  appear,  if  it  were  pos-  strongly-marked  outlines;  and  from  time 

observer  to  attain  a  further  to  time  they  detach  themselves  from  the 

[n  passing  also  from  the  tem-  horizon,  and  traverse  the  vault  of  the 

e  torrid  zone,  the  azure  hue  sky  with  a  rapidity  that  little  corresponds 

i  foimd  to  augment  progres-  with  the  feebleness  of  the  wind  below 

transparency  of  climate  which  At  the  end  of  March,  the  southern  region 

admired  in  Italy  and  Greece  of  the  atmosphere  is  illuminated  by  gleams 

assed  by  that  which  invests  of  lightning ;  and  the  breeze  thcsi  passes 

)f  Quito  and  Peru,  or  the  fcr-  frequently,  and  for  several  hours  toother, 

of  ttie  Pacific  Ocean.  to  the  west  and  south-west.    This  is  a 

orrid  zone,  the  temperature  certain  sign  of  the  approach  of  the  rainy 

in  comparatively  small  limits;  season,  which  begins  at  the  Oto^TyKJu^ 

ious  phenomena  of  the  atmo-  about  the  cfod  ol  K^^rQu  *I>Dfe  ^s^  ^^ 
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comM  obfcmvd,  the  tznre  disappears.  These  remirks  are  pfindpttDyintnidBd 
and  a  t^rey  iM.  is  spread  umfomuy  civer  to  refer  to  the  seasons  m  the  northern 
it ;— at  the  same  time  the  heat  progres-  part  of  South  America ;  birt,  with  ev- 
Bwe\f  increases ;  and  soon,  dense  Ta-  tain  exceptions,  they  mav  Toy  nearir  be 
poun  cover  the  hearens  from  one  end  applied  to  those  of  the  whde  tomdaont 
to  tha  other.  The  plaintive  ciy  of  the  —of  oomse  bearing  in  mind  that,  tooth 
howlitai^  monkies  besins  to  be  heard  of  the  equator,  tte  rainy  aeasonk  fnn 
l)efore  the  risti^  of  the  sun.  The  at*  October  to  April,  and  that  thr  nrnth  tart 
mosphere  is  at  length  convulsed  Yry  fr«-  corresponds  to  the  nortk'^ati  bneie  cf 
quent  thunder-storms,  the  rains  descend  northern  countriesL  The  period  of  eon- 
tn  torrents,  and  the  rivers,  rising  rapidly  mencement  of  the  rains  is  not  cxacfly  thi 
above  their  banks,  overspread  tne  plains  same  eveiywhcre ;  and  there  areptev 
with  extensive  inundations.  where  ^reat  anomalies  are  oeeaaoncd  by 

The  occurrence  of  these  periodical  the  existence  of  cbuns  of  nwm^f  int 
rains  is  capal)le  of  being  endained  in  a  which  attract  the  impoan  and  alter  thi 
very  simple  manner.  YTe  have  re-  direction  of  the  winda.  In  the  West 
marked  tnat  they  ahrays  take  place  in  Indies,  and  also  on  some  parts  of  the 
that  half  of  the  torrid  Bone  to  which  the  American  continent,  teo  wet  seasons  sn 
Sim  if  vertical  at  the  time ;  and  that  m  distinguished ;  oneof  thne,  however,  ii 
the  northern  half  they  are  preee^d  by  of  much  shorter  duratioD,  and  Ins  much 
the  gradual  subsidence  of  the  north-east-  li^^iter  rains  than  the  other.  In  India, 
eriv  breezes,  vHiieh  are  foDowed  by  thiBnuns  are  Isoi^fat  on  by  the  south- 
cahns,  internmted  finequently  liy  stormy    west  monsoon. 

winds  from  the  south-east  and  south-        The  tour  seasons  which  we  dkHiyniab 
west  While  the  north-east  lireese  Mows    in  this  country  are  known  onlym  the 
with  aU  its  strength,  it  prevents  the  at-    template  sones.   Their  soeeesnon  is  the 
mosphere  over  the  equinoctial  lands  and    most  regular  and  pereqitible  from  the 
seas  north  of  the  equator  firom  beinff    4ath  to  the  60th  dcnee  of  latitude ;  but 
saturated  vrith  moisture.     The  hot  and    in  this  weqpeak  of  Snrope  only,  for  both 
moist  air  rises  above,  and  the  north-east    in  America  and  Asia  a  much  shorter 
current,  continually  supplies  itsplace  with    interval  separates  the  lieat  of  summer 
colder  and  drier  strata.    In  this  way,  the    frx>m  the  cold  of  winter.  That  part  of  the 
humidity  of  the  northern  torrid  zone,    northern  temperate  zone,  which  Hes  be- 
instead  ofbeing  accumulated  and  forming    tween  the  tropic  of  Cancer,  and  latitude 
condensed  vapours,  ascends,  and  flows    35^,  has,  in  many  places,  a  climate  resem- 
towards  the  temperate  regions;  and,  ao-    blinj?  that  of  regions  vritlnn  the  trodc& 
cordingly,  while  the   north-east  breeze    In  Europe,  even  as  high  as  the  40th  de- 
retains  its  force,  which  is  when  the  sun    gree,  the  froA  in  the  plains  u  neither 
is  present  m  the  southern  signs,  the  sky    mtense  norloDg-continued ;  the  trees  sfs 
is  constantly   serene.      In  proportion,    not  strippwi  of  thor  foliage  above  two   ' 
however,  as  the  sun  passes  over  the    months  m  the  year,  and  althourh  snow 
equator  towards  the  tropic  of  Cancer,  the    sometimes  fiiDs  at  the  level  ofthe  see, 
north-east  breeze  soflens,  and  W  degrees    even  in  the  37th  degree  (at  Malan,  fcr 
entirely  ceases,  because  the  diiference  in    example),  it  is  an  occurrence  vm  un- 
temperature  between  the  northern  tem-    usuaL 

nerate  and  the  torrid  zone  is  then  at  its        Riom  the  60th  deinee  of  latitude  to 
feast     The  breeze  having  ceased,  the    the  pole,  only  two  ^asonk  take  place 
humid  air  is  no  longer  replaced  by  drier    A  severe  and  protracted  winter  u  sue-    . 
air  frcmthenorth;  and,  under  the  power-    ceeded  immediately  by  the  vrannth  of 
ful  action  of  a  verhcd  sun,  the  vapours    summer.    The  rays  of  the  sun.  notwith- 

?P''"n^H?S'v!!;l'^^^^^*^^.^*^^^    standing  the  obUqiSty  oVuiST'dhS 
(fescend  in  violent  rains,    lliis  state  of    produ^  powe^  efttects,  bewSTtiS 

l^'l^iirV?^?^'^^*^"^^^  gn«tleng3i ofthe da^ia^^^ 

mi^fcl^nSi^''^^'/^"'"'"^  the  accuSiulation  of liwit    Eviminreiy 

t^o^fJ^n  f^  ^K  *^P«^H  '?''^'  ^J'^  ^^  etudes,  the  tar  on  the  ship's  Si 

y^J^^}^  "^"^^  f !" '"  "^^  is  sometimes  melted  and  made*^to  nm 

Z^fu    r^i^  difference  between   the  down  by  the  sun's  action.     In  ttie^oS 

tem^mf  P^  ^^e.eqmnoctial  and  that  of  the  of  Emx^  the  snowT^enmy^Lohed 

tte^'ntX''!!?%''''i!r^     ®I  in  three^or  four  dayfand  t^^^ 

zoneKwLHTK''^^"^'^^  almost  immediately  begin  to  blow.    Tb^ 

Vovirn6i^^^^^^^^J''^*^^\'^  ?>r«iking  up  ofthe  thick  field  of  ice  which   ! 

cfearness  STii^r^y  T"^^* '^    Manually  spread  over  the  surface  of  th. 
«*tt  serenity  of  aspect;  sxctio  ocean,  commences  m  the  month 


rr  A  A'  jT'i  ji^ir  '«''^'^'  Va«t  liel(U  of  marine  plants  spnnfi:  from 
Ve^€taU<mofihBd%nermiZom%--  the(feirthsoftheocean,^ci3ly  towanis 
Pnmt/tM  centre*  qf  Vegeiatton.  ^^^  J^.u:„  .y^  ^^^^ ,  ^y^  viWWvoH 
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of  Jmie,  and  at  this  season  dense  fogs  It  is  thought  that  eyea  perpetual  snow 
are  rery  common,  owin^  to  the  sur&ce  may  be  the  abode  of  a  species  of  regeta- 
of  the  water  being  colder  than  the  air  tion ;  for  Saussure  discovered  in  it  a  red- 
lying  over  it  These  at  length  disperse,  dish  dust,  and  a  red  colouring;  matter  baa 
and  a  short  interval  of  iine  weather  en-  frec^uently  been  observed  m  snow  by 
sues ;  but,  before  the  close  of  August,  navigators  in  the  arctic  regions*, 
the  approaches  of  winter  are  perceived ;  The  absence  of  light  does  not  altoge- 
snow  nils;  and,  as  the  temperature  of  ther prevent  vegetabfe existence;  caverns 
the  atmo4>here  declines  more  rapidly  and  mines  produce  certain  plants,  prin- 
than  that  of  the  sea,  fo^,  called  the  yroti-  c^Nilly  those  of  the  crypt  ogamous  class. 
smoke,  again  arise,  which  disappear  only  In  the  cave  of  Caripe,  situated  to  the 
when  the  ice  has  begun  to  extend  itself  south-east  of  Cumana  in  South  America, 
over  the  clear  spaces  of  the  ocean.  It  the  seeds,  which  are  carried  in  by  itie 
is  worthy  of  remark  that,  even  in  the  nocturnal  birds  called  Guacharoes,  spring 
circumpolar  tenons,  the  west  of  Europe  up  at  the  distance  of  several  hundrea 
still  maintains  its  suDeriority  of  tempera-  yards  from  the  mouth  of  the  grotto, 
ture  over  the  east  of  North  America ;  for  wherever  thev  can  find  mould  to  fix  in. 
the  seaoffNorth  Cape  in  Norway,  though  Blanched  staiks,  vrith  some  half  formed 
in  the  72d  degree  of  latitude,  is  always  leaves,  rise  to  the  height  of  more  than  two 
open,  whereas  several  degrees  further  feet;  but  M.  Humboldt,  who  observed 
south,  o£P  the  shores  of  .^erica,  it  is  them,  could  not  ascertain  the  species  of 
annually  frozen  over.  these  plants,  their  form  and  colour  being 
^^  si.  rw  j^'i^  jj  r  rr  ^  i.t  .  *>  much  changed  by  the  absence  of  light 
^r.{^J.A^f!"^^^  JiCJ2?'^!T'  Vast  fields  dfmariie  plants  spring  fS)m 

ly  tov 
and  within  the  tropics ;  the  vme-Ieaved 
7bs  subject  of  physical  climate  is  in  fiicus  vegetates  at  the  depUi  of  200  feett 
itself  highly  interesting ;  but  it  becomes  and,  notwithstanding,  has  leaves  as  green 
still  more  so  when  we  extend  our  view,  as  Uiose  of  grass.  In  the  Atlantic,  be- 
and  consider  its  effects  upon  the  nume-  tween  the  23d  and  the  35th  degrees  of 
rous  animal  and  vegetable  tribes  which  latitude,  and  m  the  29th  and  30th  of  Ion- 
arc  dispersed  over  the  earth.  Thb  dis-  gitude,  the  fuci  float  on  the  surfiace  in 
persion  has  not  been  the  result  of  a  blind  such  numbers  as  to  give  the  appearance 
and  unmeaning  chance ;  the  same  wis-  of  an  immense  inuncUited  meadow.  It  is 
dom  which  caUed  them  into  such  beauti-  supposed,  by  many  botanists,  that  tiiey 
fid  and  various  existence,  has  fixed  laws  grow  at  tiie  bottom  of  the  sea,  and  float 
for  tlieu-  distribution  over  the  surfiice  of  only  in  their  ripened  state,  when  torn  off 
the  jflobe.  To  these  laws  (without  enter-  by  the  motion  of  the  waves  or  otherwise, 
ing  into  details  which  belong  to  botany  Extreme  heat  is  not  destructive  of  ve- 
and  zoology)  we  shall  now  direct  our  getation,  provided  that  it  be  accompanied 
attention.  by  humidity.  Plants  grow,  not  ordy  on 
The  wide  extension  of  ve^i^ble  life  the  borders  of  hot  springs,  but  even  in 
furnishes  one  of  the  most  striking  exam-  the  midst  of  waters  which  we  should  have 
^es  of  the  productive  power  of  nature,  supposed  to  be  quite  unsuited  to  their 
Every  climate,  as  we  pass  from  the  equar                     .-  .  .^ — r — 7-7 — -7— • 

A       A    iu^  ^^\1    ,*-  «J««   «1%A  .^latna  liiaf  *  C«pUin  ParTv.  ID  hi»  NamitiTe  of  Ihc  attempt 

tor  to  the  pole,  or  from  the  plains  just  ^^^  j/,^,  y^^,  (927  t^,  „„|,  ,1,^  North  Pole.  mea. 

raised  above  the  level  of  the  ocean  to  the  tlont  toue  ttiikinr  eiamples  of  this  appearance. — 

summits  which  are  covered  with  eternal  *'  i»  ?**T^l*Hliy'%rZ'5;Mt  "n?^!!i*i 

"*^     ,                                    g^  qnaatitT  of  mow,  tinged,  to  the  depth   of  Bererai 

.snow,  has  its  peCUharvegetatlOa    COUn-  inches,  with  some  red  coloariag  matter.     This  eir- 

tries,   the  most  inhospitable  and  locked  cnmstance  recaUed  to  our  reiioUectioo  oar  harinf 

:1   A^«4-  «»««1«»  «11  4-Ka  «aA«i    ««A  «Mf  frequently  before,  in  the  coarse  of  this  journey,  re- 

np  m  frost  nwly  aU  tiie  yW,   are  not  ^^^^  ^l^^  ^^^  l,„^aad  sMge..  in  paseinr  OTer'hard 

entirely    destitute    of  n.       On    Melvme  mow,  left  npoa  it  a  light  fose^nloared  tint,  which. 

Island  (N.  lat  75*^,  where  the  duration  »t  the  tims^  ^.•V!?«;!f***>J*»*  «iT°»^^^ 

AOMMAM  ^  .  •     .           '!           -,  _         J  i.1.  inc  pressed  oat  of  the  birch  of  which  they  were  made. 

of  Wmter  IS  nme  or  ten  montllf^  and  the  xtday,  howerer.  weobserred  that  the  ranners  of 

mean  annual  temperature  otily  two  de-  th«  boats,  and  &nt  vu  own  footsteps,  exhibited  the 

gnses  abOTe  zero,  t&e  aw  places  which  rtSSJJ^tVJ^r/.S  i'rZ=V  "^^^Jf 

produce,    in    abimdance,    moss,    UChen,  inagreatm-or  lestdegrse.byheaTypret»art,on  al- 

g««^  aadfraj*.  poppy.  *«  dwarf  wiUow.  5j;|^,5!2.«^",rJ±5J.i:rJ^i!^^^^^ 

and   the  sorrel  which  is  so  VaiUaOle  for  The  eoloar  of  the  red  snow,  which  ocearred  onlr  in 

its  antiscorbutic  qualities  :  the  expedition  two  or  three  spots,  appeared  somewhat  dUTereat  from 

J      ^     A  •     T»^— .                 ^  iJF^  .u-i  this,  beinr  rather  ofa  salmon  than  a  rose-colosr,  bat 

under  Captam  Parry  observed,  m  a  shel-  »;j  ^'J^^^in^  as  to  be  the  subject  of  eonstaat 

tered  spot  of  this  island,  a  ranunculus  m  remark.**     This  eolouxing  «ubt%a.u«%  V«*  ^jnKni^ 

fiilUlowcr  m  the  second  week  <rf  June.  b6««u»ai^to>»titoiiiVk\k%w^  A\t«* 
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existence.  Examples  of  this  sort  occur 
in  Iceland  and  many  other  coimtries. 
Even  sulphureous  exhalations  are  not 
fintal  to  vegetation:  it  is  reported  that  the 
interior  of  the  crater  of  Vesuvius,  after  a 
lon^periodof  repose,  was  in  1611  covered 
with  shrubs,  llie  greatest  obstacle  to  it 
is  the  absence  of  moisture ;  those  sandy 
tracts  where  rain  seldom  or  never  falls, 
and  where  the  soil  is  constantly  beiq^ 
shifted  I7  the  winds,  exhibit  a  hopeleas 
sterility.  The  verdure  of  the  o<ue$f  or 
islands  of  vegetation,  scattered  over  some 
parts  of  the  African  desert,  is  maiintained 
by  springs  which  lise  up  to  the  surface 
of  the  jground.  The  chemical  nature  of 
the  soiliii^uences  the  size  and  vigour  of 
plants  rather  than  sets  limits  to  their 
cultivatioa  Common  salt,  however,  dis- 
solved, ami  scattered  over  the  earth  in 
lai^  quantities,  almost  entirely  prevents 
theur  growth.  The  fusion  which  lava  un- 
deigoes  is  probabl}^  the  reason  why  the 
progress  of  v^etation  on  its  smrftce  is  so 
long  retarded ;  whereas,  from  the  ashea 
thrown  out  by  volcanoes,  the  most  abun- 
dant crops  are  raised. 

The  scale  of  atmospherical  heat  is  that 
which  ordinarily  determines  the  charac- 
ter and  progress  of  vegetation.     Hence, 
under  the  fierce  climate  of  the  torrid  zone, 
we  need  onlj  ascend  lofty  mountains,  to 
a  certain  height,  in  order  to  behold  the 
trees,  fruits,  and  flowers  of  the  temperate 
zone  ;  while  still  higher  are  found  those 
of  the  frigid  zone.  The  low  vallies  of  the 
Andes,  towards  the  equator,  are  adorned 
with  bananas  and  palm-trees,  while  the 
elevated  parts  of  the  chain  produce  oaks, 
firs,  and  several  other  tribes  conmion  to 
the  north  of  Europe.    Near  the  equator, 
the  oak  grows  at  an  elevation  of  9200 
feet  above  the  sea,  and  never  descends 
lower  than  one  of '55  00  feet;  but,  in  the 
latitude  of  Mexico,  it  is  seen  as  low  as 
2600  feet     From  the  height  of  about 
15,000  feet,  to  the  boundary  of  perpetual 
congelation,  lichens  are  the  only  plants 
visible.  Similar  gradations,  on  a  smaller 
scale,  are  observed  among  the  Alps ;  on 
ascending  which,  chesnuts,  b^hes,  oaks, 
and  pines  occur  in  succession,  the  last 
gradually  becoming  stunted  t'dl  they  dis- 
appear not  fer  from  the  border  of  perpe- 
tual snow.    The  vegetation  which  covers 
the  sides  of  mountains  may  be  divided 
into  distinct  zones  or  bands,  each  zone 
containing  its  peculiar  tribes.     On  the 
volcano  of  Teneritfe,  one  of  the  Canary 
Islands  (N.  lat  28i^.  as  many  as  five  of 
these  zones  are  distinguished* : — (1)  the 

•  Humboldft  Personal  Narratir*.  toI.  i." 


r^on  of  vines ;  (2)  of  laurels ;  (3)  of 
pines;  (4)  of  the  retama  (an  alpine 
bnxnn) ;  and  (5)  the  reeion  of  grasses 
These  zones  are  arranged  in  stases,  one 
above  another,  and  occupy,  on  tne  decli- 
vity of  the  Peak,  a  perpendicular  b^gfat 
of  11,200  feet 

In  the  equinoctial  region  where,  in 
respect  of  warmth,  the  seasons  diffier  lit- 
tle from  each  other,  the  snograpbical 
distribution  of  plants  is  regulated  almost 
entirely  by  the  mean  temperatore  of  tiie 
whole  year;  but  in  the  temperate  zone 
this  distribution  depends  not  so  much 
upon  the  mean  temperature  of  Uie  year 
as  upon  that  of  the  summer  seasoa    In 
Liqp&nd,  there  are  fine  forests  on  the 
continent  at  Enontddes,  where  the  mean 
annual  temperature  is  only  27  degrees, 
while  on  the  island  of  Magearoe,  whoe 
it  is  move  than  32  degrees,  odv  a  few 
scanty  shrubs  are  to  be  seen.    Tne  more 
vkrarous  vegetation  of  Enontddes  is  the 
e&ct  of  a  warmer  summer ;  the  mean 
temperature  of  July  being  there  59|°; 
whcrau,  at  the  isle  of  Mageroe,  it  is 
only  461°.     Some  plants  in  summer  re- 
quire a  oextain  d^pnee  of  warmth  only 
mr  a  short  period ;  for  others,  a  more 
moderate  warmth  is  sufficient,  if  it  be  of 
longer  duration.  'The  birch  and  the  pme 
afford  an  example  of  this  difference,  llie 
former  tree  does  not  put  forth  its  leaves 
tiQ  the  temperature  has  risen  to  about  53 
or  54  degrees ;  and  in  all  places  where 
the  mean  summer  heat  faUa  short  of  tfais, 
the  birch  cannot  flourish,  however  great 
mav  be  the  mildness  of  the  winters.  Such 
is  the  case  on  the  island  just  mentioiued, 
and  in  other  parts  of  LaplaxidL     The 
pine,  on  the  contrary,  requires  a  long 
rather  than  a  warm  summer.     In  the 
interior  of  Lapland,  where  the  summer, 
though  short,  is  warm,  the  birdi  rises 
much  nearer  the  line  of  perpeti^d  con- 
ffelation  than   the   pine;   oat  in  the 
Alps  and  other  hif  h  clttins  in  lower 
latitudes,  where    me    summer  is  of 
longer  continuance  but  colder,  the  pine 
is  seen   after  the  birch   has  etAxi&f 
dimppeared. 

Tne  frigid  zone  contains  but  few  f^ 
cies  of  plwts,  yet  of  these  the  Yorrtatxin 
in  summer  is  extremely  rajnd.  Ine  nr - 
dure  of  those  countries,  which  lie  wiUun 
the  polar  circle,  is  confined  chiefly  to  the 
hills  having  a  southern  aspect,  and  tbB 
trees  are  of  very  diminutive  growth.  Be- 
sides mosses  and  lichens,  there  exist  fens, 
creeping  plants,  and  some  shrubs  yiddin^ 
bernes  of  an  agreeable  flavour.  The  arctie 
regions  of  Europe  are  peculiarly  favoured; 
for,  in  certain  parts  of  Lapland,  there  tie 
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fine  forests,  and  even  lye  and  leguminous  Under  the  equator,  the  eUmate  best 

plants  are  produced.  suited  for  the  culture  of  all  kinds  of  £u- 

In  the  high  latitudes  of  the  northern  ropean  grain  lies  between  the  altitudes 

temperate  zone  are  the  pine  and  the  of  6000  and  9000  feet  above  the  level  of 

fir,  which  show  their  aaaptation  to  a  the  ocean.    Wheat  will  seldom  form  an 

cold  climate  by  retaining  tneir  [verdure  ear  below  the  elevation  of  4500  feet,  or 

in  the  midst  of  tlje  rigours  of  winter.  To  ripen  above  that  of  1 0,800.  With  imect, 

these,  on  advancing  southward,  succeed  however,  to  ^e  lowest  height  at  widch 

the  oak,  the  elm,  the  beech,  the  lime,  and  com  can  be  raised  between  the  tropics, 

other  forest  trees.     Several  firuit  trees,  there  are  great  irregularities,  whk^  tend 

among  whk:h  are  the  apple,  the  pear,  the  to  prove  that  the  augmentation  of  heat  is 

cherry,  and  the  plum,  grow  better  in  the  not  prejudidal  to  its  cultivation,  tmless 

northern- half  of  this  zone;  while  to  its  attended  with  an  excess  either  of  drought 

most  southern  part  especially  belong  the  or  of  moisture.     In  the  environs  ofLa 

more  delicate  fruits,  such  as  the  olive,  the  Victoria,  a  town  of  Venezuela  (lat.  1  O^o 

lemon,  the  orange,  and  the  fig;  and,  N.),  fields  of  com  are  seen  minted  with 

amongst  trees,  the  cedar,  the  cypress,  plantations  of  sugar-canes,  coffee,  and 

and  the  cork.  j^antams,  at  the  height  of  not  more  than 

The  space,  comprised  between  the  30th  from  1700  to  1900  feet  above  the  sea. 

and  the  50th  parallels  of  latitude,  may  The  district  of  Quatro  ViUas,  in  the  in- 

be  considered  as  the  country  of  the  vine  tenor  of  the  island  of  Cuba,  furnishes  a 

and  the  mulberry.     Wheat  extendi  as  still  more  remarkable  example ;  there, 

far  north  as  the  60th  degree ;  oats  and  fine  harvests  are  raised  almost  at  the  level 

barley  a  few  degrees  fiirther.     In  the  ofthe  ocean.  In  nearly  the  same  latitudes, 

soutHem  part  of  this  zone,  maize  and  on  the  other  side  of  the  Mexican  Gulf, 

rice  are  more  commonly  cultivated.  the  fine  fields  of  wheat  are  generally  be- 

The  vegetation  of  the  torrid  zone  is  tween  3800  and  7700  feet  of  elevation; 

characterised  by  a  wealth,  a  variety,  and  while  on  the  slope  of  the  inountains  of 

a  ma^ficence,  which  are  nowhere  to  be  Mexico  and  Xalapa,  vegetation,  even  at 

found  in  Uie  other  regions  of  the  globe,  the  height  of  4320  feet,  is  so  luxuriant. 

Under  the  beams  of  a  tropical  sun,  the  that  wheat  does  not  form  ears.     It  is 

most  juicy  fruits  and  the  most  poweiful  erroneous  to  suppose  that  grain  degene- 

aromatics  arrive  at  perfection ;  and  innu-  nites  in  advancing  towards  the  equator, 

merable  productions  supply  the  wants  or  that  the  harvests  are  more  abundant 

and  administer  to  the  luxuries  of  man*  in  northern  climates.     On  the  contrary. 

There  the  grounds  yield  the  sugar-cane,  it  has  been  found  that  nowhere  to  the 

the  coffee-tree,  the  palm,  the  bi«ad-tree,  north  of  the  45th  parallel  of  latitude  is 

the  pisang,  the  inunense  baobab,  the  date,  the  produce  of  wh^t  so  considerable,  as 

the  cocoa,  the  vanilla,  the  cinnamon,  the  it  is  on  the  northem  coasts  of  Africa,  and 

nutm^,  the  pepper^  the  camphor  tree,  &c.  in  America,  on  the  table-lands  of  New 

&c.    In  South  America,  is  theremurka-  Grenada,  Pem,  and  Mexiccy*.  Near  the 

ble  tree  called  the  cow'tree,  whkh,  when  town  of  La  Victoria  above-mentioned,  the 

hicisions  are  made  in  its  trunk,  ^elds  average  produce  is  three  or  four  times  as 

abundance  of  a  glutinous  and  nounshii^  gretA.  as  that  of  northern  countries.    It  is 

milk*.    There  are  also  various  sorts  of  equally  large  at  Buenos  Ayres  in  the  35th 

dyewood,  and  several  species  of  com  pe-  ^'^J®®  ^  south  latitude, 

culiar  to  hot  climates ;  while  this  zone  is  The  vegetable  forms  near  the  ecjuator 

not  destitute  (in  its  elevated  tracts)  of  are  in  general  more  majestic  and  impos- 

every  kind  wluch  grows  in  the  plains  of  in^*  and  the  varnish  of  the  leaves  is  more 

temperate  countries.  bnUiant.    The  largest  trees  are  adorned 

■    „    .  .., .  ,.    .,.     ,   ...  p rr with  flowers  lai^ger,  more  beautiful,  and 

tire,  baa  ^iren  an  aeocmat  of  tiiti  tne.  The  fcemditf  ™0^  OdOnferOUS  than  thOSe  of  herbaceous 

of  aatare  la  Um  torrid  soae  striUaglj  araean,  wlien  plants  in  OlUT  ZOUe.  It  is  SCarcdy  possible 

voekfTowsatreewitheoriaeeoiuaaddryltaTW.  Ita  picture  tO  hunsclf  the  beauty  and   the 

]»ife  woody  rooti  can  •carcelr  peaetrata  into  the  inrandeUT  Of  the  Vast  forests  of  equinoctial 

■tone.     For  scTeral  months  of  the  year,  not  a  single  ^  -««-;/»»       Tm^^..  «»u;^k  oHoin  \  etuv^an 

abower  moistens  lU  foUage.     Its  branekes  mUr  AmCHCa.      Trees  whlCh  attam  a  Stupeil- 

dMd  and  dri«d;  bat  when  the  tmnk  is  pieroed.  there  ^OUS  height  and   size  are  Covered  With 
lows  from  it  a  sweet  and  nonrishtng  milk.     It  is  at 

IIm  rising  of  the  sao  that  this  ▼egetable  foantab  ia  ^  _^                                 .     .               ,      « 

Aoet  abandaat     The  Blacks  and  naHvet  ai«  tb«D  *  Th«  n»ean  temperature  for  three  months  ofsum- 


bastemng  from  all  ottarteis.  fumUhed  with  laiM  ««:«».  ^  the  north  of  Europe,  from  M°  to  66^ ;  m 

iwvia  to  Mceire  the  milk,  which  grows  yellow,  and  1***«7  •nd  in  Egypt,  from  80A°  to  84° ;  and  withir 

mekeifs  at  its  sarfwe."— Pmoaflf  Aiwrtt/lVe.Tol.  in  ?•  tropics,  at  between  8960  and  3840  feet  cf  height 

pp.SWaiid917.  ftQai9r*tQl9^. 
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piofum<mofcKmbingpiULnt8,aiidthenme  idand  of  Teneriffe,  u  another  Bpedmen 
Sanaa  aaereep  on  the  flurface  of  the  earth  of  enormous  ^wth.    Itatninkia  afaoot 
reach  the  tops  of  the  treei,  and  past  from  60  or  60  feet  nigh»  and  its  girth  near  the 
one  to  another  at  the  height  of  more  than  roots  almost  48  feet.    Its  average,  girlh 
a  hundred  ftet    By  this  oontinnal  inter*  is  stated  by  M.  de  Borda  to  be  35  net, 
ladng  of  pahunte  plants,  the  botanist  if  9  or  10  indies.  The  baobabs  are  of  stiU 
often  1^  to  confound  the  flowers,  the  neater  dimensions  than  the  above.    At 
Ihiits,  and  leaves  which  belong  todiffer*  Senegal,   and  in  the  islanda  fd  Cape 
ent  species.   M.  Humboldt  gives  the  fiol-  Verd,  some  were  remarked  which  had  a 
lowing  strikingdeaeriptionQf  the  woodson  circumference  of  from  56  to  60  ieet,  and 
the  banks  of  the  Cassiquiare,  onapproacb*  in  another  part  of  Afiie&one  waa  seen 
ing  thepdntwhore  that  river  branches  off  whose  diameter  was  34  feet  (jmon  than 
from  the  Oroondka  '^The  luzuriousness  100  in  drciimtonenoe.) 
ofthe  regetation  increases  in  a  manner  dT  The  distxibution  of  planta  cannot  be 
which  it  is  difficult,  even  for  those  who  explained   solely  by  the   influeiioe  of 
are  accustomed  to  the  aspect  of  the  forests  dimate  or  by  tHe  distributioa  of  temne- 
between  the  tropics,  to  finrm  an  idea,  rature;  for  it  frequently  happens  t&t 
There  is  no  longer  abeach:  a  palisade  of  similar  climates  are  found  in  difRnvnt 
tufted  trees  forms  the  bank  of  the  river,  parts  of  the  globe  without  identity  of 
You  see  a  canal  200  toises  (486  yards)  productions.     The  dimafte  of  the  fugfa 
broad,  bordeied  by  two  enormous  walls,  mountains  of  the  torrid  loneiaanalogoiia 
obthfid  with  lianas  and  foliage.     We  to  that  of  our  temperate  lone;  yet  Hum- 
often  tried  to  land,  but  vnthout  being  able  boldt  did  not  discover  one  uu%enoaa 
to  step  out  of  the  boat     Toward  sunset  roee-tree  in  all  South  Amerioat  and  it 
we  sailedalong  the  bank  foran  hour,  to  tlso  appears  that  this  snrub  b  entir^ 
discover,   not  an  opemng  (once  none  wantiqg  in  the  southern   hemiipbcie. 
exists),  but  a  spot  less  wooded,  where  our  The  genus  erica  (heatlO  is  quite  pecu- 
Indians,  by  means  of  the  hatchet  and  hartotbe  OMWorM;  of  the  137  spdea 
manual  labour,  could  gain  space  enough  known,  not  one  is  to  be  met  with  in 
for  a  resting-place  for  12  or  13  perMns.**  the  new  continent    Hiey  aeem  tn  ba 
A  large  proportion  of  the  trees  of  these  Teiyrare  even  in  Aaia,    On  the  othsr 
majestic  f<nrests  are  more  than  100  feet  hand,  the  etu^ug  (Indian  fl^p  is  con- 
in  height ;  while  some,  especially  of  the  fined  to  the  New  World.    It  is  true  that 
palms,  have  an  elevation  of  150  to  200  a  similarity  exists  in  respect  to  their  ¥&• 
feet*.  Various  instances  are  recorded  of  getation  between  very  distant  countriei, 
the  enormous  growth  of  trees  in  tropical  where  the  physical  cireumstances  are 
climates.    Humboldt  measured  on  the  alike ;  but  in  some  instances  it  ia  only 
banks  of  the  Atabapo,  a  bombax  ceiba  a  general  resemblance  d  the  vegetable 
more  than  120  feet  hi^h,  and  15  feet  in  forms.    In  many  cases  the  same^ensni 
diameter.    Near  the  village  of  Turmero,  recur ;  but  there  are  oomparatively  few 
wllich  lies  to  the  south-west  of  the  city  examples  in  whid^  identical  tp^dei  have 
of  Caraccas,  is  the  famous  Zamang  del  been  recognized  in  countries  fiur  ramote 
Guayre,  a  species  of  mimosa,  known  from  each  other*.      Speeiee  of  pine, 
throughout  the  province  for  the  great  beech,  elm,  &o.,  are  found  in  Amc- 
extent  of  its  branches,  which  form  a  rica,  difipering,  however,  from  the  Asiatip 
hemispherical  head  more  than  600  feet  and    European    species.      "The   lofty 
in  circumference.      The  height  of  its  mountains  of  equinoctial  Amerioa  (says 
tnmk  is  about  63  feet,  and  its  thickness  M.  Humboldt)  have  certainly  Tfit**Vn«, 
between  nine  and  tea     The  branches  valerians,  arenariaa,  ranunouluaea,  med- 
extend  like  an  immense  imibrella,  and  lars,  oaks,  and  jmies,  which  frtim  thdr 
bend  towsrds  the  ground,  from  which  physiognomy  we  might  eonfoond  with 
tney  remain  at  an  uniform  distance  of  12  those  of  Europe ;  but  thw  are  all  m- 
or  15  feet    The  circumference  of  this  cificaUy  tHJerentr   The  AntarotwbMi 
^^^a^  "^"^?  *^^  ^-  Humboldt  (hetula  AntarcHea)  of  Tlerra  del  Ftaego 
tnwed  difterent  diameters,  and   found  corresponds  to,  but  does  not  exactly  »• 
Uiem  204  and  198  feet  in  length.    The  semble  the  dwarf  Wroh  (Mtete  homo)  of 
dragon-tree  (drac€Bna)  at  Oratava,  in  the  Northern  Europe. 

According  to  Humbbklt»  the 


ricM^!unli5I:i^'^^**!!!\'^I?M"**^>^?^  ^^  P^*°^  ^  present  known  amoont  to 

-1^  **^.  •.*"»«  iwAermal  Ib»  with  St.  P«t«nbiirff1i  ^>^^^'     ^*  tHese,   6000.  aiC  OryfW^ 

J?..i3"  ^•'H*''  Uland..  the  CaaadiM  Pine  (Piiif  — 

more  than  SIX  feet  in  diameter.  •••pap 50,^^^ 
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moMt*.   The  remaining  38,000  oAon^o-  when  upon  any  point  of  the  globe  we 

gamoutf  plants  are  thus  distriDuted  : —  know  the  number  of  species  Monging 

In  Europe 7000  to  one  of  the  great  families,  both  im 

Temperate  regioni  of  Asia  .       1500  whole  number  of  phanerogamous  plants. 

Aria  within  the  tropici  and  iriands    4500  and  the  number  of  species  composing 

fcttvi^*t*m;-«,t;«.^n«.;f  Amp  t^  other  vegetable    families,  may  be 

Both^thctcmperatcregioniofAme.  ^^^  estimated  wi&  considerable  a^uraiy. 

In  America,  between  the  tropics'     13,000       It  has    been    a    question  discussed 

New  Hollaod,  and  the  islands  of  the  among  philosophers,  in  what  way  the 

P^fic 5000  various  vegetable  tribes  were  origuudly 

He  also  states  the  proportions  of  plants  di^ised  over  the  surface  of  the  earth, 

which  grofw  in  latitudes  0^45^and68^  Three  different  hypotheses  have   been 

to  be  as  the  numbers  13,  4,  and  1.   The  maintained  upon  this  subject.    The  Jlrst 

mean  annual  temjjeratiues  in  these  lati-  supposes  that  there  was  only  one  primi- 

tudes  are  respectively  81  J**,  65 J**,  and  tive  centre  of  vegetation;  all  species  of 

331°,  and  the  mean  summer  temperatures  plants  having  had  their  existence  ori 

834°,  70°,  and  63i°.  Within  the  tropics,  ginally  confined  to  one  tract  of  the  earth, 

the  monocotyledonoueX  plants   are  to  whence  they  were  gradually  dispersed 

the  diooiyledanousi,  as  1  to  6  ;  between  over  all  countries. 
the  latitudes  36°  wad  52°,  as  1  to  4 ;  and      This  hypothesis  was  adopted  by  the 

at  the  polar  circle  as  1  toil.    The  annual  celebrated  LinnsBUs.    He  imagined  the 

monocotyledonous  and    dicotyledonous  habitable  world  to  have  been  at  the  com> 

plants  in  the  temperate  zone  amount  to  mencement  limited  to  one  spot,  in  which 

one-sixth  d  the  whole  phanerogamous  were  coUected  the  originals  of  all  the  spe- 

class ;  in  the  torrid  zone  they  scarcely  cies  of  plants,  together  with  the  first  pa^ 

form  one-twentieth,  and  in  Lapland  one-  rents  ondl  animau  and  of  the  human  race, 

thirtieth  part  A  circumstance  worthy  of  As  such  various  natures  wouM  require  a 

remark  is  the  extreme  ranty  of  the  #o-  diversity  of  climates  for  their  support,  he 

ctai  plants  between  the  tropics,  that  is,  supposed  this  tract  to  have  been  situated 

of  those  rdants  whibh,  like  the  heath  of  in  a  warm  region,  and  to  have  contained 

Europe,  live  together  and  cover  large  a  lofty  mountain  range,  between  the  base 

tracts  of  land||.    In  the  torrid  zone,  they  and  the  summit  of  which  were  to  be 

are  found  only  on  the  sea  shore   and  found  all  temperatures   and  climates, 

upon  elevated  plains.  from  the  temperature  and  climate  of  the 

Amons^  the  vegetable  forms  there  are  torrid  to  those  of  the  frigid  zone.    Lin 

tome  which  become  more  common  from  nsus  endeavoured  to  support  this  hypo* 

the  equator  towards  the  poles,  as  the  thesis  by  referring  to  the  means  wtiioh 

fems,the  heaths,  and  the  rhododendrons;  are  provided  for  the  multiplication  and 

others,  on  the  contrary,  increase  from  the  dispersion  of  plants.  Winds,  rivers,  and 

poles  to  the  equator,  amon^  these  are  marine  currents,  are  all,  more  or  less,  in- 

the  rulnaceiB^.,  the  eufhorbta,  and  the  strumental  in  the  conveyance  of  seeds 

leguminous  plants;  while  others,  such  from  one  country  to  another.  The  former 

as  the  cruciferal^*,  the  umbeUifengff,  carry  the  lighter  kinds  of  seeds  to  inn 

&c.,  attain  their  maximum  in  the  tern-  mensedistances,  and  the  two  latter  some- 

perate  zone,  and  diminish  towards  the  times  transport  others  from  the  most 

•qusAor  and  the  poles.    The  ve^table  remote  parts.    The  naturalist  just  men^ 

fbrms  present  (under  the  same  uothet'  tioned  remarks  that  the  Eri^eron  Cana- 

mat  lines)  such  constant  relations,  that  dense  was  first  introduced  mto  the  gar- 

■■-■   ■  . . ,      ■■ — r: — .^   ^  dens  near  Paris  from  Canada ;  the  seeds 

*  HtYiDgaeitbarUoMoiDtiiorTiublafraeUOCAtiqa.  Uisin«  ai*aHAwu1  hv  thp  winH    this   nlant 

f  HaYiaJvuibiaorgMtoffructifiaiUoii.  txmg  scattered  oy  ixie  wma,  uus  pianj 

I  Having  only  onteotytodoaoriMii^oR  was,  m  the  coursc  of  a  centurv.  Spread 

I  T?iliS*7ot£S'*£^       HMorer   Wwt-  ovcr  all  France,  Italy,  Sicily,  Belgium, 

ykLia,  ud  Holland,  a  lone  oham  of  hDis'  mar  be  and  Germany.    The  migration  of  ^ants 

IrMtd,  Mtiraif  eovtrtd  with  oommoa  bsatii,  aad  tu  i>y  means  of  currents  is  also  well  asocT* 

SiMt  MBdt  by  the  (irmer.  to  oppoM  tht  iaroada  of  tamed,  and  many  instances  of  it  are  re- 

•MDiaaia.  corded.    On  the  shores  of  the  HeDndcy 

Y  Oat  of  JaMi««'«  natmrai  ordan  of  piaats,  ••  ^^  collected  at  times  the  seeds  of  the 

S?*ii~J^S^^^^  mimosa  seandens,  dolichos  urens,w^ 

§mt  ia  aonber,  bMnr  dispoaod  in  the  form  of  a  crotf.  geveral  Other  plants  of  Jamaica,  the  lale 

tJl&r;±Sr.r:^'it  ^oSX^SlS  «f  Cul*.  and  ^ghbounng  contaent 

MwUu  of  eeterai  floweritaikf,  or  raye.  nearly  These  are  not  the  Only  methods  mwhicn 

•qtal  ia  l«itb,  tpreadiuK  from  a  eommoo  potat  or  ^  dlSpersion  of  spCcieS  is  effected  t  it 

•eacjj.    Th.  Sower,  of  the  hemlock  «kI  par-ley  are  ,^  ^j^^wn  that  SOme  seeda  <3^  ^ii^ 
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misseltoe  and  juniper)  are  capable   of    indigenous  kinds  in  those  parts  of  Ame* 

preserving  their  vitality  in  the  stomachs  ricavi^ted  by  him  are  peculiar  to  that 

of  biids,   and   are   thus    propagated,  continent,  and  that  the  only  exceptions 

Lastly,   man  has    introdu(^  varioas  to  this  rule  are  plants  of  th!e  sea-coasts, 

plants  into  countries  where  they  pre-  the  niigration  of  which  is  easily  to  be 

viously  had  no  existence.  explained.     The  observations    of  Mr. 

The  second  hypothesis  is,  that  each  Brown  on  the  botany  of  Terra  Australis 

species  of  plants  originated  in  and  was  iSouthem  Land)  tend    neaily  to  the 

mfibsed  from  a  single  prinutive  centre ;  same   point.     Of  the   plants  already 

but  that  there  were  several  of  these  cen-  known  m  that  country,  400  ^edes  are 

tres   situated  in  different  parts  of  the  crjiptogamous,  860   monocotyledonous, 

globe,  each  centre  the  seat  of  a  particu-  and  2900  dicotyledonous.    (K  the  400 

Sur  number  of  species.    The  third  and  cryptogamous,  more  than  120»  that  is 

last  hypothesis  is,  that  wherever  a  suit-  nearly  one-third  part,  are  also  indige- 

able  sod  and  climate  existed,  there  the  nous  m  Europe.    Of  the  860  monocoty- 

vegetable  tribes  sprang  up  ;  and  that  ledonous,  only  30,  or  about  one  twewtf^ 

pluits  of  the  same  species  ¥rere,  from  ninth  part,  have  been  found  in  Europe, 

thefijrst,  spread  over  oifPerent  regions.  and  more  than  half  ci  these  are  grasses 

We  proceed  to  relate  some  &cts  which  and  cyperdcU,    But  oi  the  8900  dicoty- 

have  wen  observed,  and  which   ynH  ledonous  species,  onbjr  15,  or  about  the 

enable  us  to  form  some  opinion  as  to  one  hundred  and  nmetii'ikird  part,  are 

which  of  the  three  preceding  hypotheses  the  same  in  Australia  as  m  JSurqpe. 

has  the  best  founoation.    The  greater  Results  no  less  strUong  have  been  ob- 

number  of  these  focts  are  taken  firomthe  tained  on  comparing  the  vegetation  of 

opening  part  of  Dr.  James  Prichard*s  other  southern  countries  wnh  that  <rf 

work,  entitled  *'  Researches   into   the  Eiuxipe    and    the    northern    regions. 

Physical  History  of  Mankind,**  where  Though   the  proportion  oi  European 

they  care  brought  forward  in  a  similar  plants  in  Aiistrelia  is  so  small,  it  appears 

discussion  to  the  present  to  be  greater  than  that  wfakshis  obaerved 

Those  i^ants  whose  structure  is  the  in  the  south  of  Afiiea.    The  proportion 

most  simme  are  found  to  be  very  gene-  of  European  species  in  South  America 

rally  difmsed.      Among  the  cryptoga-  is  probably  still  less  than  it  is  in  South* 

mous  tribes,  (such  as  mosses,  lichens,  em  Africa. 

&c.,)  which  form  the  lowest  order  of  the  From  the  preceding  remarks,  it  is  to 
vegetable  creation,  the  same  species  are  be  gathered,  that  the  most  simply  orga- 
often  met  with  in  the  most  distant  re-  niz^  tribes  of  plants  are  very  widely 
gions».  Two-thirds  of  the  lichens  ob-  dispersed ;  that  plants  of  the  more  per- 
served  in  Australia,  are  also  natives  of  feet  or  more  complex  forms  are,  on  the 
Europe ;  and  of  the  ferns  of  New  Hoi-  contrary,  limited  to  particular  countries  * 
land,  which  constitute  rather  more  than  and  that  the  monocotyledonous,  which 
100  species,  twenty-eight  have  been  dis-  may  be  considered  as  tnbes  of  an  inter- 
covered  in  other  countries.  Many  of  the  mediate  class,  are  nether  so  extensively 
monocotyledonous  tribes  are  also  widely  spread  as  the  former,  nor  confined  within 
roread.  Several  grasses  are  common  to  such  narrow  limits  as  the  latter. 
Europe  and  Australia.  In  South  Ame-  Some  exceptions  to  this  genend  rule 
rica  too,  not  only  the  mosses,  but  like-  have  lately  been  brought  to  uM  by  the 
vrise  several  grasses,  are  the  same  as  botanical  disojveries  made  during  the 
European  species.  It  is  not  so,  how-  expedition  to  the  river  Zaire  on  the  west 
^er,  when  we  view  the  distribution  of  coast  of  Africa  (about  6*  S.  lat)  Fwwn 
the  more  perfect,  or  of  the  dicotyledo-  Mr.  Brown's  observations  upon  up- 
nous  plants,  there  being  a  very  small  wards  of  600  plants  collected  in  the 
number  of  such,  which  are  common  to  neighbourhood  of  that  river,  it  appears 
countries  distant  from  each  other.  With  that  about  one-twelfth  of  the  coUMdon 
respect  to  the  dicotjrledonous  tribes,  consists  of  species,  which  are  also  met 
Humboldt  has  maintained  that  all  the  vrith  either  in  India,  or  on  the  opposite 

^«  To  explain  the  exten.ire  diffusion  of  the»>  spe-  ^^°'^?  ^^  9"?*°^  ^^^  ^^  5   audit  is 

ciet,  Linnaus  supposed  that  their  seeds,  being  invi-  *  CUnoUS  fact,  that    m   this  number  the 

■iMeparticies.  mi^ht  be  carried  to  incalculable  dis-  more  perfect  plants  are  in  the  greaiest 

taMes  by  the  winds.     It  may,  howerer,  be  re-  •Mvirvii/.vL.        Tu:«  -.               /       fi^c*^. 

marked,  that  in  the  less  perfect  tribes  of  plants,  the  P^^^rtton.       This  apparent  anomaly  13 


same  species,  when  there  is  really     ^7  Cleans  of  Currents  in  the  inter-tropical 
rwne  minute  diiTerence  between  them.  seas.  Mr.  Brown  remarked  that  most  ol 
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those  pkntti  in  the  African  colleetion  ing  a  soil  and  climate  suiiable  for  their 

which  are  also  natives  of  other  countries,  growth.    We  have  also  seen  that,  when 

were  seen  only  on  the  lower  parts  of  the  the  same  species  are  observed  to  exist  in 

river  Zaire,  where  thev  bear  but  a  small  countries  widely  separate,  the  ciivum- 

proportion  to  the  whole  vegetation ;  and  stances  generally  are  such  as  authorise 

that  most  of  the  dicotyledonous  species  us  to  infer  that  they  were  disperaed  from 

•re  such  as  produce  seeds  capable  of  re-  one  point.    The  only  hypothesis  which 

taining  the  germ  of  life  dunng  a  long  xemains,  and  which  is  reconcileable  with 

immersion  in  the  waters  of  the  ocean.  all  the  phenomena  observed,  is,  that  the 

Itwillbe  properintlus]^laceto  men-  vegetable  creation  was  originally   di- 

tion  the  phenomena  belonging  to  the  ve-  vided  into  difPerent  provinces,  and  that 

getation  of  islands.    In  small  islands  the  each  country  (probably  each  principal 

most  remote  from  continents  the  qiedes  range   of  mountains)  had  its  peculiai 

of  plants  are  very  few,  and  sometimes  tribes  which,  at  first,  existed  nowhera 

quite  peculiar.      Thus  in  Keiguelen*s  else.  This  conclusion  is  strengthened  by 

land,  or  the  island  of  Desolation,  when  the  circumstance   of  particuar  plants 

visited  by  Captain  Cook,  the  whole  flora  having  an  entirely  local  and  insulated 

was  found  to  contain   only  16  or  18  existence,  growing  naturally  on  some  par- 

eants,  all  of  which  were  considered  to  ticular  mountain,  and  nowhere  else.  The 

i  peculiar  to  the  island.    Not  a  shrub  cedar  of  Lebanon  is  one  among  several 

was  seen  in  the  whole  country.    The  examples  of  plants  of  this  description, 

flora  of  islands,  as  far  as  it  is  not  pecu-  Such  instances  alone  might  be  deemed 

liar  to  them,  generally  consists  of  the  conclusive  in  fiivour  of  the  nypothesis  for 

same  species  which  grow  on  the  nearest  which  we  have  been  arguing, 

main    lands.      The    diffferent    groups  On  the  distribution  of  AnimaU'-iheir 

seated  in   the  great  Southern  Ocean  original   ditpertion   from   distinct 

which  lies  between  America  and  East-  centres. 

em  Asia    serve  as  an  example  ;   the  In  the  ascent  from  the  vegetable  to  the 

easternmost  islands  contun  more  plants  animal  world,  and  from  one  rank  of  anl- 

of  American  families  or  species,  and  the  mal  existence  to  another,  the  most  admi- 

westem,  of  those  tribes  iieculiar  to  India,  rable  order  is  manifest.  Weaienotsur- 

Islands  placed  in  the  neighbourhood  of  prised  by  sudden  steps  or  encountered  by 

two  continents  comprise  the  vegetation  violent  contrasts ;  an  evident  connection 

of  both.    Malta  and  Sicily  have  plants  pervades  the  whole ;  and  though  there  is 

which  belong  to  Europe,  and  others  of  an  a  vast  diversity  when  we  compare  the 

African  stock.    The  vcg^etation  of  the  meanest  roecimen  of  oiganic  life  with  its 

Cape  de  Verd  islands  is   intermediate  most  perfect  and  majestic  forms,  yet 

between  the  flora  of  the  Canary  isles  and  between  the  two  an  harmonious  chain 

that  of  the  African  coast.  may  be  traced,  and  we  pass  from  one 

The  facts  which  have  been  introduced  extreme  to  the  other  by  a  regular  and 

in  the  course  of  this  inquiry  foriaid  us  to  scareely  pereeptible  gradation, 

adopt  the  hypothesis  of  Lmnaus,  wliich  The  lowest  class  is  that  of  the  zoo- 

considers  all  plants  to  have  originated  phytes  (plant  animals),  which  raise  up 

from  one  common  centre.    The  propa-  the  coral  islands  spoken  of  in  a  former 

gation  of  the  several  tribes  of  plants  has  part  of  this  treatise.    They  may  be  re- 

oertainly  taken  place  from  a  number  of  garded  as  confused  masses  of  beings, 

diflferent  points ;  since,  of  various  parts  none  of  them  endued  with  a  separate 

oftheworld,  separated  by  vast  distances,  life.    Nevertheless,  there  is  reason  to 

each  possesses  a  vegetable  kingdom  in  a  brieve,  fix>m  the  observations  of  MM. 

mat  measure  peculiar  to  itsdf.     The  Peron  and  Lesueur,  that  each  description 

S^ird  hypothesis  to  which  we  alluded  is  of  zoophyte  has  its  place  of  residence 

equaDy  untenable ;  since  it  is  seen  that  determined  by  the  temperature  requisite 

Mants  are  confined  to  particular  tracts,  for  its  support.    The  moUu$c€e,  whether 

&1  their  seeds  are  conveyed  elsewhere,  naked  or  covered  with  shells  (/ef/ac«ou#)^ 

Namerous  instances  have  occurred  in  possess  each  an  individual  existence,  and 

wbich  fdants  l)y  transportation  have  ac-  of  these  it  is  unquestionable  that  differ- 

quired  a  new  country,  and  there  beconie  ent  species  belong  to  difPerent  countries. 

abundant;  a  striking  example  of  this  xhe  pearl  oyster  arrives  at  perfection 

kind  is  the  dispersion  of  the  Erigeron    only  in  the  equatorial  seas. 

C^tnadenSS  over  Europe,  which  we  have  «  The  Wnn  t§$tae€Ous  U  in  ttncta«M  applied  only 

already  related.    This  shows  that  in  the  to  web  ««h  m  hare  "Tong ,  ibick.  and  endre  sheu*  ; 

»»c^jr  iciavcu.      *                             e«-M»U-  Hwm  which  have  »h«lli,  loft,  thin,  and  eonsiatiM  of 

lint  mstance  plants  of  the  same  species  ^^^^^  piec««  joined  togeUier,  m  tbe  wuterriw^ 

were  not  produced  in  all  regions  posses*-  Wbg  called  «nit(iic«o«i. 
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Ittrnds  BXt  the  next  in  the  scale  of  short  heats  of  summer  gWe  btxth  to 
animal  existence.  In  the  midst  of  the  swarms  of  fgrnats  of  another  species, 
exuherant  Tegetation  of  the  torrid  zone.  With  respect  to  fishes,  it  is  probable 
the  laiK^  <^ci  ^  ^^^  splendid  of  that  every  basin  of  the  ocean  has  its 
these  tribes  are  to  be  seen ;  the  butter-  particular  tribes ;  while,  indeed,  the  rs> 
flies  of  Africa,  of  the  East  Indies,  and  of  cions  which  some  inhabit  are  well 
America,  are  adorned  with  the  most  known.  Thus  the  ood,  whieh  are  distri- 
brilliant  edours ;  and  in  the  tro|»oal  buted  over  all  the  northern  aeaa  between 
Imsts,  especially  those  of  South  Ame-  Europe  and  America,  congregata  chi^y 
rioa,  minions  of  shimng  flies  present  at  upon  the  great  sand-banks  to  the  south- 
night  almost  the  appearance  of  an  ex-  east  of  Newfoundland.  The  moat  rs- 
tensive  conflagratum.  In  these  coun-  markable  species  of  fish  are  met  with  in 
tries  some  races  of  insects  exist  in  such  the  torrid  tone  Imd  its  Tksinity*  The 
multitudes,  and  are  armed  with  such  de-  fljring  fish  hardlv  extends  to  any  part  of 
struotive  or  venomous  qualities,  as  to  the  ocean  so  hign  as  the  40th  ptfallel ; 
enable  them  to  lay  waste  the  fruits  but  in  the  voyage  to  America,  hundreds 
of  the  earth  through  large  tracts  of  of  them  are  seen  by  navigators  Skfler 
country,  or  to  become  a  source  of  the  passing  the  tropic  of  Cancer.  TtM 
most  serious  personal  annoyance  and  larBcest  and  most  poweilul  of  those  fish 
discomfort  to  man.  The  white  ants  which  possess  eleetrieaL  propeitieft,  also 
itermiiet)  raise  lofty  hiOooks ;  and  where  live  witnin  the  to^i^  zona.  The  Medi- 
they  much  abound,  have  been  known  to  terranean  contains  four  spedes  of  elec- 
excavate  the  soil  to  such  a  degree,  as  to  trioal  torpedoes ;  but  the  shocks  which 
endanger  the  safety  of  houses  which  hap-  they  communicate  cannot  ba  compared 
pen  to  stand  above  the  seat  of  their  ope«-  in  violence  to  those  of  the  gfrnnoti 
rations.  Thev  devour  paner  and  parch-  (electric  eels),  which  iidiabit  several  of 
ment  so  rapidly,  that  wnole  provinces  of  the  rivers,  and  also  the  stagnant  pods, 
Spanish  America  (Humboldt  informs  in  the  llanos  of  Souih  America.  All 
us)  do  not  aflbrd  one  written  document  the  inhabitants  of  the  waters  dread  the 
that  dates  a  hundred  years  back.  The  society  of  these  animals.  It  is  relaied 
mosquitoes  and  other  species  of  the  hr  that,  some  years  ago,  it  became  neees- 
mily  of  tipuliB  are  also  tbrmidable  ene-  sary  to  change  the  directiun  of  a  road 
mies  to  the  human  race  in  these  climates,  near  Uritucu,  in  consequence  of  the 
Amidst  the  forests  of  South  America,  number  of  mules  of  burden  annually 
especiallv  along  the  banks  of  particular  lost  in  fording  a  river  in  which  the  eels 
rivers,  tnere  are  large  tracts  whicli  are  were  very  numerous.  The  temperatxut 
almost  uninhabitable,  owinaf  to  the  tliick  of  the  waters  in  which  the  gymnoti  h  Abi- 
swarms  of  these  insects  and  the  unccas-  tuaUy  live,  is  from  78  to  80  desoees : 
ing  torment  which  they  occasion.  The  their  electric  foroe  is  said  to  diminish  in 
lower  strata  of  air  to  the  height  of  nearly  colder  waters. 

20  feet  from  the  ground  are  sometimes  The  seas  of  the  warm  regions  contain 
so  filled  with  them  as  to  give  the  appear-  the  shark,  which  is  noted  for  its  extreme 
ance  of  a  condensed  vapour.  During  ferocity ;  but  the  most  enormous  in  size 
the  day,  the  atmosphere  teems  with  the  are  the  whale  tribes,  which  l)elong  mors 
mosquitoes^  which  are  small  venomous  particularly  to  the  high  latitudes 
flies ;  these  are  succeeded,  at  night,  by  a  The  miicration  of  fishes  seems  (o  be 
species  of  gn^iats  called  zancudoes.  The  occasioned  by  their  seeking  for  shallow 
distribution  of  these  insects  is  very  re-  water,  in  order  to  deposit  their  spawn, 
liiarkable,  and  frequenUy  depends  on  The  herrings,  which  are  supposed  to 
local  circumstances  which  cannot  be  come  from' the  bottom  of  the  Arctic 
explained  They  are,  in  j:eneraJ,  found  Ocean,  proceed  every  year  fo  the  coasti 
to  shun  those  rivers  which  have  what  of  the  British  islands,  Norway,  Sweden, 
the  Spaniards  call  black  waters  faguca  Denmark,  HoUand,  and  the  tjnited 
negrasJ,2iXid  also  dry  and  unwooded  States;  and  also  to  those  of  Kamtchatto 
spots.  They  swarm  most  upon  the  and  the  neighbouring  islands.  The  opi- 
banks  of  nvers,  and  they  nearly  dis-  nion  is,  that  their  innumerable  shoab 
appear  where  the  elevation  of  the  ground  follow  the  direction  of  the  chains  of  sub- 
exceeds  two  or  three  thousand  feet  above  marine  banks  and  rocks  whieh  they 
the  sea*.  The  annoyance  occasioned  by  meet  with  in  thefr  progress.  Timniel 
insects  of  this  description  is  not  confined  also  migrate  regularly  every  year  from  the 
to  the  torrid  zone ;  for  even  m  the  Arctic  Atiantic  Ocean  to  the  Mediterranean 
regionsof  Greenland  and  Lapland,  the  The  hot  r^ons  of  the  globe,  and  . 
Hu  mbo  idfji  Perwnai  Narrative,  voL  v.,  p.  86—116.  thosc  of  America  in  particular,  contain 
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the  lu^gest  and  the  most  venomous  of  birds,  amoni;  which  are  the  stri^  Lap- 
the  order  of  repHle$,  including  the  rattle-  ponicug  (Lapland  owl),  and  the  anas 
snake,  and  several  other  kinds  armed  mollistima  (eider  duck),  which  frequents 
with  deadly  poisons ;  and  the  boa  con-  the  shores  of  the  Arctic  seas,  and  from 
strictor,  wnk^h  destrojrs  even  the  great  whose  nests  the  eider-down  is  pbtained. 
quadrupeds  by  the  fonse  with  wh£h  it  The  several  species  of  sea4krdi  do  not 
eoUs  round  then*  bodies.  Here,  too,  the  wander  beyond  certain  limits  ass^rned 
lizard  tribe,  under  the  various  names  of  to  each.  The  albatross  is  seen  flitting 
crocodiles,  gavials,  allitrators,  and  cay-  along  the  surface  of  the  waves,  as  we 
mans,  attain  to  an  immense  growth,  anproach  the  40th  parallel  of  latitiida 
The  largest  is  the  crocodile  of  tM  river  The  searswallows  and  the  tropical  birds 
Nile,  which  measures,  when  ftill  grown,  keep  within  the  torrid  zone.  The  pen- 
even  thirty  ftetin  length.  It  is  worthy  of  guin  of  the  Northern  differs  from  the 
remark,  that  the  dry  season  near  the  manchot  of  the  South  Seas, 
eouator  has  the  same  effect  upon  several  The  migration  of  birds  from  one 
of  the  reptile  race  as  the  cold  of  northern  country  to  another,  in  consequence  of 
countries :  in  South  America,  when  the  the  changes  of  the  seasons,  is  a  remark- 
swelling  of  the  rivers  subsides,  and  the  able  phenomenon.  The  direction  and 
surface  of  the  llanos  becomes  parched  extent  of  these  migrations  are  still,  in 
by  the  heat,  boas  and  croco^es  bury  most  cases,  but  imperfectly  known.  On 
themselves  beneath  the  mud,  and  await,  the  approach  of  winter,  swallows,  storks 
in  a  state  of  lethaigy,  the  periodical  rains,  and  cranes  abandon  the  northern  coim* 
As  we  proceed  into  the  higher  latitudes,  tries  of  Europe  for  the  warmer  climates 
reptiles  cbminish  both  in  number  and  of  the  south.  In  the  equinoctial  zone» 
magnitude,  and  are,  even  the  worst  of  which  is  nearly  of  the  same  warmth 
them,  comparatively  harmless.  during  the  whole  year,  the  variations  of 

With  respect  to  binlit  we  might  at  drought  and  humimty  appear  to  influenoe 

first  be  incUned  to  infer,  from  the  xx>wer8  the  habits  of  animals  in  the  same  man- 

of  locomotion  with  which  they  are  gifted,  ner  as  the  great  changes  of  temnerature 

that  the  existence  of  each  species  is  not  in  our  climates.     In  South  America» 

limited  to  a  certain  r^on ;  and  it  is  when  the  Oroonoko  begins  to  swell  with 

true  that  some  of  them,  including  several  the  rains,  an  innumerable  ouantity  of 

of  the  vulture  tribe,  spread  themselves  ducks  remove  from  eight  and  three  de- 

almost  over  the  whole  world.    But  it  grees  of  north,  to  one  and  four  degrees 

appears  to  be  generally  the  case,  that  of  south  latitude,  toward  the  south-soutb* 

particular  kin£  are  confined  to  a  yerf  east.    These  burds  quit  the  valley  of  the 

small  ran^,    especially  such  as  have  Oroonoko  at  this  period,  doubtless  b*- 

heavy  bodies  and  weak  powers  of  flight,  cause  the  increasing  depth  oi  the  waters 

Even  the  condor,  which  fluently  soars  and  the  inundations  of  the  shores  pre- 

at  an  devation  of  four  miles,  never  for-  vent  them  from  catching  fish  and  insects, 

sakes  the  chain  of  the  Cordilleras  of  In  the  month  of  September,  when,  tl^i 

Peru  and  of  Mexico ;    and  the  great  Oroonoko  decreases  and  retreats  within 

eagle  does  not  quit  the  ridges  m  the  its  bed,  they  return  from  ttie  Amazon 

Alps.    The  torrid  zone  possesses  a  v»-  and  the  Rio  Branco  towards  the  north, 

riety  of  the  most  beauofiil  birds,  in-  The  southern  ooasts  of  the  West  India 

eluding  the  humming-bird  of  America,  islands  also  receive  every  year,  at  the 

the  cockatoos,  the  bira  of  Paradise,  the  season  of  the  inundations  of  the  grcmt 

Lories,  and  several  others  of  the  pairot  rivers   of  terra  firma  (the  continent), 

genus.    The  bh*d  of  Paradise  is  never  numerous  flights  of  the  fishing  birds  of 

met  with  beyond  New  Guinea  and  the  the  Oroonoko,    and    of   its    tributary 

neighbouring  islands.     Parrots,  in  the  streams.    It  is  in  obedience  to  a  similar 

New  World,  are  seen  as  hish -north  as  instinct,  that,  during  the  heats  of  sum* 

the  35th  degree ;  but  on  the  old  con-  mer,   the   humming-birds   advance  in 

tinent,  they  do  not  appear  to  reach  fax-  pursuit   of  insects   into   the  northern 

ther  than  the  28th  pax^eL   Of  the  birds  parts  of  the  United  States,  and  even 

which  cannot  fly,  each  equatorial  regkm  mto  Canada. 

insulated  by  the  ocean  has  its  particular  Quadrupedt  are  an  order  of  animals 

kinds.  The  ostrich  ofAfrica  and  Arabia,  more  perfectly  organised  than  any  of 

the  cassowary  of  Java  and  of  New  Hd-  those  which  have  l^n  under  considera- 

land,  and  the  Brazilian  ostrich,  are  distinct  tion;  while,  as  they  are  in  many  inr 

mdes,  possessing  a  general  similarity  stances    immediately    connected    with 

cil  orgamsation.  man,  and  altogether  come  more  under 

The  frozen  zone  has  its  own  kinds  of  I  is  observance,  Uaqx  ^asXT^>^^^^S<^ 
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Bents  a  more  ample  subject  for  investi-    seen,  followed  by  their  cdts,  swimming; 
gation.    The  hot  Ngions  towards  the    during  a.  part  of  the  day,  to  feed  upon 
equator  furnish  this  order  in  the  ut-    the  grass,  the  tops  of  wmch  alone  wave 
most  number  and  variety ;  and  many  ci    above  the  waters.    In  this  state  tiiey  are 
its  tribes  are  there  distinguished   for    pursued  by  the  crocodiles ;  and  it  is  by 
thdr  size,  their  ^*nf«wg  strength,  or    no  means  uncommon  to  fiiod  the  printa 
the  ferodty  of  their  dispositions.    The    of  the  teeth  of  these  camivoroas  reptiles 
lion,  the  tiger,  the  elephant,  the  liiino-    on  their  thigluL 
ceros,  the  hipprootamus,  the  panther,        *'  We  cannot  reftect,*"  he  proceeds, 
the  leopard,  the  nyasna,  and  the  came-    **  on  the  effects  of  these  inuiidations» 
lopexd,  are  all  inhabitants  of  the  torrid    vrithout  admiring  the  prodigious  plia- 
zone  and  its  vicinity.    In  the  temperate    bility  of  the  oxganisation  of  the  amrnalt 
regions,  the  animals  are  of  much  smaller    that  man  has  subiected  to  his  sway.    In 
dimensbns ;  and  the  only  beasts  of  prey    Greenland,  the  dog  eats  the  renise  of 
arethevvd^  tl^bnur,  tKe  lynx,  ana  the    the  fisheries;   and,  when fidi are  want- 
wild  boar;  but  there  the  domestic  tribes    ing,  feeds  on  sesrweed.    The  ass  and 
are  reared  in  all  their  perfection.    The    the  horse,  origpally  natives  of  the  odd 
vidute  or  Polar  bear,  which  is  quite  dif-    and  barren  pluns  of  pppar  Asia,  follow 
ferent  firom  the  common  bear  and  much    man  to  the  New  Wona»  return  to  Uie 
more  formidable,  inhabits  the  coasts  of    savage  state,  and  lead  a  restless  and 
the  Arctic  Ocean;  so  that,  under  both    painjm  life  in  the  burning  climate  of  the 
eztremes  61  temperature,   the  animal    tropics.    Pressed,  altematety,  by  excess 
creation  assumes  a   character  of  ex-    of  drought  and  of  humidily,  th^r  scmie- 
cessive  ferrocity.  times  s^  a  pool  in  the  nudit  of  a  bu:e 

The  domMhc  animals  have  been  con-    and  dosbr  sod,  to  quench  their  thirst ; 
veyed  by  man  to  various  parts  of  the    and  at  other  times  flee  from  water,  and 
worid,  imd  are  therefore  very  vridely    the  oveiflowing  rivers,  as  menaced  by 
dispened.    Under  this  title  are  included    an  enemy  that  encounters  them  onevenr 
the  dog,  the  cow,  the  sheep,  the  goat,    side.    Harassed  during  the  day  by  nd- 
the  horse,  the  ass,  the  pig,  and  the  cat    flies  and  mosquitoes,  the  horses,  mules, 
Humboldt  states  (contrary  to  what  has    and  cows  find  themselves  attacked  at 
been  supposed  by  some),  that  the  cows    night  by  enormous  bats*,  that  fasten  on 
in  the  eauinoctial  parts  of  South  America    their  backs,  and  cause  wounds  which 
will  yield  as  rich  a  milk  as  in  temperate    become    dangerous    because  they  are 
countries.    The  ass  is  not  ciq^Mtble  of    filled  with  acaridse,  and  other  hurtful  in- 
enduring  cold  so  well  as  others  of  the    sects.    In  the  time  of  mat  drought,  the 
domestic  races :    when  beheld  in  the    mules  gnaw  even  the  uiomy  melocactus 
northern  regions  of  Europe,  he  is  quite    (melon-thistle),  in  order  to  drii^    its 
a  degenerate  animal ;  south  of  the  40th    cooling  juice ;  and  draw  it  forth  as  from 
panulel  of  latitude,  under  the  influence    a  vegetable  fountain.    During  Uie  great 
'  of'  a  more   genial  climate  and  better    inundations,  these  same  animals  lead  an 
treatment,  he  is  laige,  lively,  and  docile,    amphibious  life,  surrounded  by  croco- 
The  horse,  originally  a  native  of  the  cen-    diles,    water-serpents,    and    manatees, 
tral  parts  of  tne  old  continent,  is  now    Yet,  such  are  the  immutable  laws  of 
spread  from  the  confines  of  the  Arctic    Nature,  their  races  are  preserved  in  the 
Circle  to  beyond   the  50th  degree  of    struggle  with  the  elements,  and  amid  so 
south  latitude.     It  exists  as  high  as    many  sufferings  and    dangers.    When 
Norway  and  Iceland,  where  it  is  small    the  waters  retire,  and  the  rivers  return 
and  of  a  peculiar  variety,  and  extends    into  their  beds,  the  savannah  is  si^ead 
even  into  thjs  desolate  r^ons  of  Pata-    over  with  a  fine  odoriferous  grass ;   and 
(l^ia.     This    animal  was    introduced    the  animals  of  old  Eiu-ope  and  Upper 
into  South  America  by  the  Spaniards,    Asia  seem  to  enjoy,  as  in  their  native  di- 
in  their  early  visits  to  that  continent ;    mate,  the  renewed  vegetation  of  spring." 
it  has  since  greatiy  multiplied,  and  im-        It  has  been  observed  by  Buffon,  that 
mense  herds  now  rove  wild  over  the    the  laigest   quadrupeds,    such  as  the 
Uanos.     The  existence  of   these  crea-    elephant,  the  rhinoceros,  the  hippopo- 
tures    is  exposed  to  the  most  severe    tamus,    the    camelopard,    the    camel, 
sufferings.    "  In  the  rainy  season,"  says    and  most  of  the  ox  kind,  are  possessed 
M.  Humboldt,  "  the  horses  that  wander    exclusively    by    the    old    world.      In 
in  the  savannah,  and  have  not  time  to    America,  the  fossil  remains  of    some 

^^^\  *t®  *i?*"^  grounds    of  tiie  llanos,         •  in  Bras.U  in  the  prorloce  of  Ci.r».  the  tet. 

gensn    Dy    nundreds    amidst    the    over-      evuait  sach  destmction  among  the  coMTs,  that  nch 
owings  of  the  rivers.    The  mares  are    Jj^'j^^^jj!*^  from  ihu  cause  to  b*  »o«etiinet  m> 
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lai^  animals  have'  been  discovered ;  each  other  by  the  sea.  These  are  the 
but  of  livinr  species,  there  are  very  few  intertropical  parts  of  Africa — of  Ame- 
of  considerable  bulk.  It  has  also  been  rica — and  of  continental  India.  Each  of 
remarked,  that  the  tribes  which  are  the  the  three  tracts  in  question  has  a  distinct 
most  Dowerfiil  and  perfect  in  their  struo-  nation  of  quadrupeds.  The  Indian  ides, 
ture  belong  chiefly  to  the  old  world ;  particularly  the  Sunda  and  Molucca 
those  of  the  new  naving,  in  ^neral,  a  islands,  may  also  be  considered  as  a  se- 
character  at  oiganisation  which  assigns    parate  region. 

them  a  lower  rank  in  the  scale  of  ani-  Beyond  the  Indian  Archipelago  is  P»- 
mated  beings.  Such  carnivorous  ani-  pua,  under  which  name  it  is  usual  to 
mals,  for  example,  as  have  the  greatest  mclude  New  Guinea,  New  Britain,  and 
vigour  and  courage  (among  which  are  New  Ireland.  These  countries,  with  the 
the  lion,  the  ti^r,  and  the  l^J^pna)  are  islands  which  are  formed  by  a  continua- 
confined  to  Asia  and  Africa.  The  Ame-  tion  of  thdr  mountain  chains,  namely, 
rican  tribes  which  approach  most  nearly  the  archipelago  of  Solomon*s  Islands, 
to  these,  are,  in  ^neral,  much  more  Louisiade,  fmd  the  New  Hebrides,  to- 
ffentle  and  feeble  than  the  African  and  gether  with  the  more  remote  groups  in 
Asiatic  species.  It  must  be  admitted,  the  great  Southern  ocean,  may  be  re- 
however,  that  Buffon*s  assertion  respect-  garded  as  one  zoological  province.  It  is 
ing  the  cowardice  of  the  feline  race  of  remarked,  that  all  this  extensive  region 
America  must  be  taken  with  some  limi-  seems  almost  wholly  destitute  of  native 
tation :  for  it  appears  that  the  jaguar  will  warm-blooded  quadrupeds,  except  a  few 
sometimes  attack  men ;  and,  when  as-  species  of  bats,  and  some  small  domestic 
sailed  by  armed  numbers,  he  has  been  animals  in  the  possession  of  the  natives, 
known  to  ofPer  an  obstinate  resistance.  The  laige  region  of  Ausbialia  forms 
The  swiftest,  as  well  as  the  most  grace-  another  zoological  province,  in  whkh  are 
iul  and  beautiful  quadrupeds  (the  ante-  contained  many  indigenous  tribes  of  a 
lopes,  for  example)  also  cniefly  belong  to  very  singular  description ;  and,  lastly, 
the  old  continent ;  while  those  Kinds  wmch  the  southern  extremities  of  Ajoaerica  and 
are  the  most  useful  to  man,  including  Africa  are  each  distinguished  1^  the  pos- 
the  goat,  the  horse,  the  ox,  and  the  ass,  session  of  peculiar  races, 
were  unknown  in  America  till  their  in-  Of  these  several  provinces,  into  which 
troduction  into  that  country  by  the  the  animal  world  amnits  of  division,  none 
Spaniards.  is  peopled  with  so  remarkable  a  stock  of 

Confining  our  view  to  wild  animals,  animals  as  Australia,  including,  under 
we  may  divide  the  earth  into  a  number  that  designation.  New  Holland,  and  the 
of  zoological  regions  or  provinces,  each  adjacent  islands  to  the  southward.  It 
of  whicn  is  the  residence  of  a  distinct  set  possesses  several  entire  genera  of  quad- 
of  quadrupeds*.  nmeds  which  have  been  discovered  m  no 

The  first  of  these  provinces,  if  we  other  part  of  the  world ;  ukl  it  further 
commence  from  the  north,  is  the  Arctic  deKrves  notice,  that  moot  of  the  tribes 
region,  which  contains  the  white  bear,  peculiar  to  New  Holland,  though  on  the 
the  rein-deer,  the  Arctic  fox,  and  other  whole  very  different  from  each  other, 
tribes  common  to  both  of  the  great  con-  have  some  striking  characters  of  organi- 
tinents.  The  circumstance  of  tneir  being  sation  common  to  all.  It  was  assumed  by 
common  to  both  continents,  is  accounted  LinnflBus,  that  the  great  class  of  warm- 
fbr  by  the  communication  which,  during  blooded  quadrupeds  was,  without  exoep- 
winter,  is  established  between  the  shores  tion,  vimparoui  and  mammiferous—imo 
of  Asia  and  America  by  means  of  the  terms,  the  first  of  which  denotes  their 
ice,  over  which  a  passage  from  one  to  the  production  of  their  ofi^pring  in  a  livinjg 
oUier  becomes  practicable  to  such  am-  and  perfect  state ;  and  the  second,  their 
mals  as  are  fitted  to  endure  the  intense  being  supplied  with  organs  for  sucklinj^ 
eoli  of  the  circumpolar  countries.  their  young.    On  this  latter  account,  it 

The  northern  temperate  zone  is  divided  received  the  name  ofmammalia,  by  which 
by  the  ocean  into  two  great  districts,  it  is  known  among  nataralists.  It  i^ 
llie  same  tribes  are  found  to  be  spread  pears,  however,  thSt,  in  New  Holland,  a 
from  the  western  to  the  eastern  purts  of  tribe  of  warm-blooded  animals  has  \xea 
the  M  continent ;  but  the  quadrupeds  discovered,  to  which  that  name  is  not  ap- 
which  inhabit  the  temperate  climate  of  plicable,  because  it  iaovivarous  (that  is, 
America  are  peculiar  races.  produces  esgs),  and  is  therefore  unpro- 

The  equatorial  region  contains  three  vided  with  oigans  of  the  descripftion 
extensive  tracts,  widely  separated  fitmi    above-mentioned.    Tliis  curious  tribe  is, 

•  I3c«  Dr.  Prichard*!  work,  btfore  meatioMd. "      aS  fJUT  aS  OUT  present  kOOWledge  CXtCOda 
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quite  oonflnedtoNew  Holland.  AnoQwr  ammtl  creation  of  tint  regun  mwnmei  a 

mnarlcable  tribe  19  the  mortiipta/,  which  character  almost    as  peculiar  as    that 

term  cominises  such  as  produce  their  which  isdi^yed  by  its  vesetaftion.    Of 

younffinanimmatuiestate^keepthem  the  order  termed  Mammalia,  Soiithim 

ftr  alme  attached  to  tltfir  bodies,  chiefly  Africa  contains  several  peculiar  gmeim, 

in  abdominal  bag9  cnrpouckei.  «ven  them  which  occupy  various  distances  towards 

by  nature  for  that  purpose.  This  tribe  also  the  north,  aooordinff  to  the  degree  in 

ismetvnth  principally  in  New  Holland,  which  they  are  capable  of  cndnriog  a  hot 

Onegenus  of  it,  mdeed,  the  opossum  or  climate.   In  many  instances  the  aamt 

didislpUb^  is  peculiar  to  the  irarm  parts  of  patera  are  found  in  this  region  Mm  tsm- 

America,  and  some  spedes  of  phaiangeri  perate  countries  north  of  te  aqnalor ; 

are  seen  in  the  Moluccas;  but  over  the  but  it  is  particularly  to  be  observed,  that 

Australian  legions  there  are  distributed  the  southern  tpeout   diffei  from    the 

seferal  genera  of  the  marsupial  order,  northern.    Thus  the  quasga,  the  Mbra» 

comprehending  more  than  40  species,  and  some  othert  of  the  bone  kind,  an- 

Among  these  are  the  wombat,  thekanga-  swer  to  the  ass  and  the  j^ggetai  of  Alia, 

roo-iat,  the  kangwoos,  and  the  dasyuri  From  the  southern  tropic  tothe  Cape  of 

or  Australian  opossums.  Good  Hope,  the   continent  of  Africa 

The  didelphis,  or  American  opossum,  etretohes into  flna level  plains,  overwhieli 

diflRnrs  from  the  Australian  opossum  in  roamagreatdtvervtycfhoofadquadni- 

leveral  respects ;  one  of  which  is  the  peds.    Besidee  five  of  te  heme  ^us, 

havmg  a  long  prehensile  or  muscuhyr  there  are  also  peooliar  specaes  of  ihinooe- 

taU,  which  serves  as  a  fifth  limb,  and  is  ros.  <tfthehogandthelqrrBx;andamoqg 

of  groat  use  to  animals  which  inhabit  ruminating  animals,  the  girallb  or  oam^ 

fbrestH  so  extensive  and  lofty  as  those  of  lopard,  the  CMebuffiilo,  and  eeveral  re- 

€hiyana*.    In  the  same  part  of  America  markable  antelopes,  as  the  spring-book» 

ttiere  are  other  animals  which  resemble  thecnou,  theleuoophocandothm. 

theopoesum  in  this  respect;  these  are  The  ammals  of  the  Indian  Aiebipclago 

tiie  sBpijous,  a  numerous  tribe  of  mon-  hacve  in  some  respects  a  difBBraDtcfaanetnr 

k^  tlw  antreaters,  the  kinkijou,  and  firom  those  of  continental  India*  and  a^ 

the  hystrix  prehennlis  (prehensue  poroa  proach  towardstiiose  of  Africa.  TbeSun- 

pine).    Herein  we  benold  striking  in-  da  islesaresaidtocontaina  hippopotamus 

stances  of  the  structure  of  animals  being  — an  animal  which  does  not  exist  in  the 

fitted  to  the  nature  of  the  country  in  rivers  of  Asia.    The  rhinoceros  of  8umar 

which  thev  reside.     The  monkeys  of  tra  resembles  the  African  more  than  the 

Africa  and  of  India  are  distinguished  fay  Indian  species,  but  is  spedficallv  different 

no  such  peculiarity,  for  in  those  parts  ot  from  boUi.    It  is  the  same  with  the  cro- 

the  world  it  is  not  requisite.  codile  trilM,  which  is  divided  into  three 

We  have  already  mentioned  that  the  sub-genera,  the  crocodile  proper,  the  alii- 
new  continent  is,  compared  with  the  gator  or  cavman,  and  the  gaviaL  The 
old,  neariy  destitute  of  the  most  power-  alligator  belongs  to  America — the  gavial 
fill  and  perfect  tribes  of  quadrupeos.  In  inhabits  the  Ganges,  and  probably  other 
thor  place  are  found  moist  of  those  nn-  rivers  in  continental  Indta^— ofthecrooo- 
gular  races,  in  the  formatioa  of  which  the  dile  pnmr  there  are  six  species,of  which 
ordinary  rules  of  nature  seem  most  wide-  aomel)elongtoAfirica,others  to  the  ides 
ly  to  have  been  relinquished.  Such  are  of  tiw  Indian  ooean,  and  one  is  said  to 
the  tribes  which  Cuvier  has  termed  ha;ve  been  discovered  in  the  West  Indies. 
Edentes,  or  quadrupeds  defective  with  Among  flying  quadrupeds,  the  flyinffma> 
respect  to  teeth,  some  of  them  l)eing  en-  cauoo  or  lemur,  is  seen  only  in  the  iuands 
tireiy  destitute  of  those  organs.  Thus  of  the  Indian  ocean ;  two  species  of  flying 
America  contains  the  whole  family  of  squirrel,  and  two  remarkable  genera  3 
sloths,  the  ant-eaters,  which  are  quite  tlie  ikmily  of  bats,  also  reside  there;  be- 
unprovi(kd  with  teeth,  and  the  armadil-  sides  which  some  of  the  flying  j^angers 
loes,  which  have  grinding  teeth,  but  no  are  supposed  to  belong  to  the  Moluccas, 
-tusks  or  cutting  teeth.-  It  will  be  proper,  in  the  nextplaoe,to 

That  part  of  Southern  Africa  which  inquire  more  particularly  into  tne  man- 
extends  beyond  the  tropic  of  Capricorn,  ner  in  which  tne  most  numerous  families 
forms  quite  a  distinct  zoological  province,  of  quadrupeds  are  distributed  over  difo^ 
separated  as  it  is  by  the  intervention  of  the  ent  parts  of  the  world.  In  this  enume- 
tomd  tone,  from  the  milder  climates  ration,  it  is  of  course  not  intended  to  in- 
north  of  tiie  equator.    Accordingly  the  elude  those  animals  which  man  has  been 

•  Th.  |.h.u„|j..rH«f  AwtraU.  and  tb«  MoIuccm  the  m^ns  of  wnveying  from  One  ooiintry 

bftTt  th«  pr«h«iuUe  uu.  to  another,  whence  the  same  species  have 
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in  foms  imtanoes  beeome  sGatt«red  over  (arctic  fox)  ii  found  at  Spitzbergen,  and 

the  most  distant  parts  of  the  earth.  may  be   traced  through  the   nor^  of 

Most  of  those  animals  which  linniBus  Asia  to  Kamtchatka,  and  thence  to  the 

comprised  in  his  order  PnrnaUa^  inhabit  shores  of  America,  Hudson^s  Bay,  anid 

warm  or  temperate  climates.    The  two  Greenland    The  wolf  and  the  lyeaxm 

grand  divisions  of  this  order  are  the  bat  (black  fox)  are  also  common  to  all  the 

and  the  monkey  tribes.    The  latter  has  arctic  countries.    Others  of  the  do^kind 

been  subdivided   by  Cuvier  into  two  require  a  warm  or  a  temperate  ehmate» 

chief  brandies,  very  diffierent  from  each  and  these  occupy  a  limited  spaee  either 

other— the  simis  proper,  which  are  ood-  in  Asia,  in  Africa,  or  in  America.    The 

fined  to  the  old  continent— and  the  sapa-  dog  of  the  Falkland  islands  {canu  aniarc* 

Jous,  which   are  peculiar  to  America.  Hcue),  which  was  the  only  quadruped 

The  African  naam  are  distinguished  from  ^scovered  there,  has  by  some  oeen  con 

the  Indiui ;  and  most  of  weir  species  sidered  a  separate  species,  while  others 

are  limited  each  to  a  comparatively  small  have  held  it  to  be  the  same  as  a  species 

tract    In  the  isUuid  of  Madagascar,  no  which  inhabits  Chili, 

true  simisB  exist,  but  in  thehr  place  are  The  packydermatous  (thick-skinned) 

the  makis,  a  tribe  of  lemurs.     Of  the  tribes,  hve  only  in  warm  or.  temperate 

bat  tribe,  the  rousettes  or  firugivorous  regions.      Then  exist  two  species  of 

(fruit'eaiing)  bats,  inhabit  the  Indian  elephant,  the  Indian  and  the  African, 

archipelago  and  Australia,  and  the  vanif  Of  the  rhinoceros  there  are  several  sp^ 

imes,  or  blood-suckingbats,  nine  species  eies,  but  none  of  them  are  possessed  in 

of  which  have  been  mentioned,  are  all  common  by  Asia  and  Africa.    Those 

?iculiar  to  the  hot  parts  of  America,  with  two  horns  inhabit  southern  Africa, 

he  most  numerous  genus  of  bats  are  the  those  with  one  horn  belong  to  India  and 

vespertiliones ;  some  of  these  are  very  China,  and  to  some  of  the  islands  of  the 

extensively  dispersed,  but  this  is  not  the  Indian  Archipeiaga     In  America,  the 

case  with  the  majority,  and  not  one  spe-  only  representative  of  these  lar^  pachy- 

cies  is    common  to  the  old   and  new  dennatous  animals  is  the  tapir.     The 

Continents.  hyrax  and  the  hog  tribes  do  not  extend 

Theferi9,  or  carnivorous  quadrupeds  into  cold  olunates ;  the  wild  boar,  which 

properly    so    termed,    are   extensively  ranges  fruther  towards  the  north  than 

spread,  although  most  of  them  belong  to  any  of  his  tribe,  il  spread  over  various 

hot  climates.    Of  ^ha  twenty-eight  spe-  parts  of  Europe,  but  is  never  seen  to  ihb 

oies  of  the  cat  kind,  which  have  been  north  of  the  BsJtic.    The  domestic  hog, 

enumerated,    not  one  is  the  same   in  since  its  introduction  into  America,  has 

America  and  in  the  Old  Continent ;  even  run  wild  and  formed  laige  herds  in  that 

the  lytix  of  Canada  is  now  believed  to  be  Continent. 

a  distinct  kind  flrom  the  European.    The  Among  ruminating  animals,  the  goat, 

African  species  are  generally  confined  to  ihe  antelope  *,  and  the  giraffe,  or  came- 

Alrica,  and  the  Indian  to  the  eastern  side  lopard,  are  limited  to  tl^  Old  Continent ; 

of  the  Indus.    The  ti^  is  found  only  in  but  of  sheep,  some  peculiar  spjscies  are 

Asia,  extending  as  high  as  Chinese  Tui-  possessed  by  America,  as,  for  instance, 

tary ;  but  it  is  by  far  most  common  in  the  paeo,  whidi  in  its  domestic  state  is 

Incua,  living   in  ravines   and  junglea  called  biounua  or  vigonia,  and  is  an  in- 

Africa,  although  destitute  of  tigers,  poe-  habitant  of  Peru.     The   camelojsard, 

sesses  panthers  and  leopards.    The  non  which  is  m>  remarkable  for  its  height, 

is  most  formidable   in  Africa,   where  its  swan-like  neck,  and  its  gentle  dis))osi- 

there  are  two  species,  the  Barbary  and  tion,  is  a  native  of  southern  Africa.    The 

the  Senegal ;  it  is  also  said  to  bdong  to  antelope,  of  which  the  species  are  very 

India,  and  it  inhabits  those   parts  of  numerous,  is  almost  confined  to  Asia 

Arabia  and  Persia,  which  border  on  the  and  Africa,  none  of  them  being  found  in 

Tigris  and  Euphrates  from  the  Persian  Europe,  except   the  chamois   and  the 

G^  as  for  as  Bagdad.    The  Arabian  saiga.  They  mnabit  as  well  the  torrid  sone 

species  is  smaller  than  the  others,  and  the  as  those  jwrts  of  the  temperate  sones 

males  have  no  mane.    The  cowuar  or  which  are  not  very  remote  from  the  tro- 

pumot  a  native  of  South  and  North  pics.     The  dromedary,  or  camel  with 

America,  which  is  sometimes  called  the  one  hump,  b  a  native  both  of  Africa  and 

Americanlion,isavery  different  animal  Asia;    the   two-humped    or    Bactrian 

from  the  real  lion.    Of  the  dog  kind,  camd,  so  called  because  it  is  supposed 

several  species  endure  an  arctic  dimate,    -— 77 — :       _.    .       ; ;     7"^ 

ud  »>  ^mon  tothe  high  latitude,  of  ^'w^iriiSlK-"  r^'lJ^Jia  iXlS 
both  oontinenti.    The  lageput  at  uatit  Mof. 


56  PHYSICAL  GEOGRAPHY. 

to  have  originany  come  ihnn  Baetnana,  Havinff^  now  staled  the  fiieta  i 

belongs  to  much  more  northern  climates  relate  to  the  distnbutkm  of  the  prineipel 

than  me  other:  it  livesin  the  Crimeaand  races  of  animals,  it  remains  omv  to  m- 

in  central  Aska,  in  comrtries  where  the  mure  what  ininence  we  axe  entitled  to 

winter  is  very  severe.    The  Dama,  or  araw  concermn|[  the  manner  of  thnr 

gnanaco,  ymch  has  been  named   by  original    dispersion    over    tiie    earth: 

some  the  camel  df  the  New  World,  is  a  whether  that  dispernon  took  place  from 

widely  different  kind  from  either  of  the  a  sin^  spot,  or  whether,  as  m  the  cast 

preceding.     The  musk  resides  in  the  (tf  the  ve^jeteble  tribes,  it  eooseneed 

mountains   of   Asia,   firom  Cashmere,  firom  a  variety  of  distinct  eentrai 

akmg  the  Altai,  to  the  mouth  of  the  The  local  esdstenee  of  hnerts  k  so 

river  Ameer.    Tins  animal  is  not  seen  doselyconnecfced  with  that  of  the  pbnts 

in  the  New  Continent,  although  there  wluch  not  only  yjiM  them  anstenanee, 

are  tribes  whidi  bear  a  relation  to  it.  but  also,  in  mamr  instances,  finmbh  tbar 

Some  species  of  the  deer  and  ox  inha-  only  place  of  abode,  that  we  wofjA  at 

bit  very  cold  dimates,  and  these  have  once  expect  to  find  the  same  laws  pre- 

passed  along  the  arctic  regions  from  one  vailing^  m  the  dispersion  of  this  part  ol 

continent  to  the  other.    Those  whidi  the  animal  creation,  as  in  that  of  the  ve- 

are  unaUe  to  support  such  severe  sear  getable  trik)es.    Tfaisooqjeetiire  has  been 

sons,  are  confinea  to  oertain  local  tracts  confinned  by  podtne  itseaffchea.    M. 

in  either  continent.  Latreille,  l^  whom  the  sobgect  baa  m^ 

We  shall  conclude  our  inqony  into  deigone  a  niU  investigatkm»  stales,  that 

the  distribution  of  quadrupeds,  with  the  the  whole  or  the  greater  part  of  the 

mentidnofsome&cts  respecting  the  do-  aradmides  and  insects   whidi  inbafait 

scriptioncrf  animals  discovered  in  islands,  comrtries  ofriiiularscwlandteiiineratur^ 

Smul  islands  lying  at  a  great  distance  but  widely  distant  tram  each  omflr*  eoiw 

from  continents    are  in  general  quite  eist  in  general  of  difiBerent  Idada    AD 

destitute  <tf  land  quadrupeds,  except  such  ttie  inaeots  and  arachnids  which  have 

as  qipear  to  have  l)een  conveyed  to  them  been  bcom^  firom  ttie  easteni  parts  of 

l^  men.    Kerguelen's  Land,  the  islands  Aria,  un£r  whatever  latitude,  are  ^ 

of  Juan  Fernandez,  the  Galli^iagos,  &c  ttnet  from  thoae  of  Europe  and  of  Africa, 

are  instances  of  this  fact.    Among  aU  It  further  appears,  that  with  insects,  as 

the*  fertile  groups  in  the  Pacific  Ocean,  with  idants,  where  the  species  are  differ- 

dogs,  rats,  hogs,  and  a  few  bats,  are  the  ent,  the  genera  are  neverthdess  often 

only  quadrupeds  which  have  been  seen,  the  same.    In  this  manner,  the  entomo- 

The  Indian  isles    near  New   Guinea,  logy  of  America  approximates  to  that  of 

abound  in  oxen,  bufialoes,  goats,  deer,  the  Austral  countries,  and  the  east  of 

cats,  rats,  hogs,  and  dogs ;  but,  accord-  Asia.    The  insects  of  New  Holland  are 

ing  to  all  accounts,  none  of  these  have  often  of  the  same  senera  with  those  of 

reached  New  Guinea,  the  two  latter  ex-  the  Moluccas,   and  the   south-eastern 

cepted.    In  Easter  island,  the  most  re-  parts  of  India;  they  show  mudi  affinity 

motely  seated  in  the  Pacific,  there  are  to  those  of  New  Zealand  and  New  Cale- 

no  domestic  animals,  except  fowls  and  donia,    and,  as  just  observed,  indude 

rats,  which  are  eaten  bv  the  natives.  similar  genera  to  those  of  America :  yet 

The  ouadrupeds  of  islands  situated  in  the  entomdogy  of  New  Holland  i^  not- 

the  neighbourhood  of  continents,  are  ge-  withstanding,  marked  by  a  peculiar  cfaa- 

nerallv  the  same  as  those  of  the  adjacent  racter.    A  hrge  number  of*  insects  are 

main-land.    This  remark  may  be  made  found  near  the  Cape  of  Good  Hope, 

respecting  the  animals  of  tiie  British  and  which  are  unknown  m  other  countries : 

of    the    Mediterranean  isles,   as   well  M.  Lichtenstdn  collected  there  between 

as  of  those  m  Madsjascar,  and  in  the  600  and  700  species,  of  which  340  were 

islands  near  New  Holland.    When  in  ascertained  to  be  entiid^  new. 

such  islands  any  quadrupeds  are  met  In  adverting  to  the  Aspersion  of  the 

with,  which  do  not  exist  m  the  neirfi-  various  tribes  whksh  rnhalnt  the  waters 

bourtng  <»ntinents,  they  are  usuaUy  dis-  of  the  ocean,  induding  the  marine  mam- 

tinct  species  which  occur  no  where  else,  malia,  as  well  as  fishes  and  moUuacse,  it 

and  eitiier  have  always  had  a  local  ex-  is  to  be  remarked  that,  in  the  descriptions 

istence,  or  have  been  entirdy  destroyed  of  these  tribes,  great  vagueness  and  inao- 

51       mwn-land.  curacy  has  long  prevaifed.    Therefore  it 

.  /^^.  "  thus  reason  to  condude,  that  is  that  this  department  of  the  animd 

islan^m  general  derived  tiieir  quadru-  kingdom  contams  so  many  spedes  whieh 

pc^from  tiie  continents  in  the  neigh-  are  saki  to  inhabit  indiscnminatdy  all 

bouriiood  of  which  they  are  placed.  parts  of  the  ocean.    The  common  whale 
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iba^€ena  myitieetM)  has  been  supposed  Under  these  ehvumstancest  we  can 

to  belong  equally  to  the  .froien  seas  of  arrive  at  no  other  conclusion  than  that 

Bjntzber^en  and  to  those  of  the  antarctic  the  first  dispersion  of  animals,  like  that 

circle.    The  sea-calf  ifhooa  viiulina)  is  of  vegetates,  took  place  from  divers 

reported  by  several  ¥mters  to  be  a  native  points.  It  is  probable  that,  at  least,  each 

not  only  of  both  drcumpolar  regions,  but  of  the  great  mountainous  chains  and  ta- 

also  of  the  seas  of  the  torrid  zone ;  while  ble  lands  was  originally  furnished  by  the 

some  have  gone  so  &r  as  to  assert  thatit  Creator  with  a  stock  of  animals.    The 

exists  in  tne  Caspian,  and  even  m  the  offiipringofeach  species  have  since  spread 

fresh-water  lakes  of  Baikal,  Onega,  and  themselves  to  as  remote  a  distance  from 

Ladoga.    But  the  fact  of  such  extensive  the  first  spot  of  their  existence  as  their 

dispersion  of  marine  animals  rests  en-  locomotive  powers,  their  capability  of 

tirely  on  the  authority  of  incompetent  bearing  changes  ofclimate,  or  Uie  absence 

persons.    The  celebrated  naturalists  Le-  of  physical  obstacles  to  their  furtlier  pro- 

sueur  and  P6ron,who  personally  collected  -gress,  may  have  allowed  them  to  wander, 

and  examined  a  vast  number  of  marine  ^    ,-.       .     • .    «!.     •    ,  --.t 

species  in  the  southern  hemisphere,  have  On  Man  tn  hts  Phyncal  Character--- 

come  to  the  conclusion,  that  the  arctic  ^**  "'•'^fff^  -?W^*«^  ^%,  ^^ 
ocean  does  not  contain  one  tribe,  well  Earih^Umiy  ofhts  Svectes— Terms 
known  and  described,  which  is  not  specir  2^"*  ^  Sveaes  explained^  Vane- 
AcaUy  disHnct  from  those  animals  most  «^*  V.  *he  Human  Race,  and  manner 
analc^us  to  it  in  the  antarctic  seas.  This  V*  JT"^  ^JUJf^  ^  accounted  far- 
remaric  applies  not  only  to  the  cetaceous  Influence  of  Utmaie. 
uid  phocaceous  tribes,  but  also  to  the  The  physk»l  character  of  man,  although 
lower  departments  of  marine  animals ;  it  be  not  such  as  to  exempt  its  possessor 
and,  descending  through  a  variety  of  from  tiiose  laws  ofgeneration,  of  growth, 
worms  and  molmscse,  even  to  the  sKape-  and  of  dissolution,  which  prevail  among 
less  sponges  of  the  antarctic  waters,  these  the  ixtferior  tribes  of  animus,  is  neverthe- 
naturalists  assert  that,  among  all  this  less  of  a  peculiar  and  pre-eminent  kind, 
immense  assemblage,  not  one  species  His  oiganisadon,  more  perfect  and  com- 
vriU  be  found  which  exists  in  the  seas  of  plex  than  theirs ;  his  erect  and  noble  as- 
the  northern  hemisphere.  It  further  pect ;  liis  form,  better  suited  for  rendoin^ 
appears  that  those  maritime  animals,  obedience  to  ihe  impulses  of  a  rational 
which  possess  little  power  of  self-exten-  and  intellij^nt  mind ;— all  essentially  dis- 
sion,  prevail  within  very  narrow  limits,  tinguish  him  from  the  brutes  over  whom 
Each  species  of  the  family  of  medusce  is  he  exercises  dominion.  Under  such  cir- 
seen  in  abundance  in  particular  districts,  cumstances  as  these,  it  is  not  a  little 
and  occurs  in  no  other  place.  It  is  the  surprising  that  there  should  ever  have 
same  with  the  numerous  testacea  which  existed  naturalists  who  pretended  to  con- 
adorn  the  shores  of  the  southern  seas,  found  the  human  species  with  tribes  of 
The  shores  of  Timor  present  a  great  mul-  the  lower  animal  creation, 
titude  and  variety  of  beauUfui  testacea ;  In  some  respects  it  may  appear  that 
but  not  one  of  tliese  extends  so  far  as  the  the  organisation  of  man  subjects  him  to 
southern  coast  of  New  Holland.  great  disadvantages:  the  extreme  feeble- 
WiUi  respect  to  reptiles,  birds,  and  ness  of  the  human  frame  at  the  first 
quadrupeds,  the  facts  steady  stated  con-  period  of  its  existence ;  the  slowness  of 
ceming  their  distribution  are  sufficient  to  its  growth ;  the  multiplicity  of  its  wants ; 
showuiat  different  regions  of  the  world  the  variety  of  ills  and  infirmities  to  which 
are  each  in  possession  of  peculiar  kinds,  through  life  it  is  exposed,  have  no  parallel 
Many  entire  genera  are  wholly  confined  among  the  beasts  of  the  field.  Yet  who 
to  certain  districts ;  but  when,  as  it  fire-  that  considers  the  present  moral  imper- 
quently  happens,  the  same  genus  is  disco-  fection  of  man,  can  deny  the  good  which 
vered  among  the  wild  and  native  animals  results  from  these  physical  diradvantages 
of  two  distant  regions,  to  acommunication  inseparable  from  his  condition  ?  Endued 
between  wluch  natural  obstacles  are  op-  with  the  strength  of  the  lion  or  the  de- 
posed, it  is  not  the  same  spedee  that  phant,  ordotHed  with  a  sldn  impervious 
inhabit  both  countries,  but  corresponding  to  cold  and  moisture,  he  would  probably 
species  of  the  same  genue.  Thus  the  have  remained  sunk  in  selfish  indolence; 
iGnerican  species  of  the  cat  kind  differ  and  ignorant  of  all  the  arts  which  em- 
from  the  African  and  the  Asiatic ;  and  hellish  life.  But  the  feeling  of  his  wants 
the  spedes  of  horse,  ox,  antdope,  rhino-  and  weakness  has  aroused  niculties  which 
ceros,  and  eUphant,  of  Africa,  are  distinct  would  dse  have  lain  dormant  in  his 
from  those  « the  same  genera  in  Asia»  mind— has,  l>y  uniting  him  to  his  fellows. 
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ffWen  rise  to  the  most  «ndMKrini(tiM  and  iiia]s,uiilenat  thiianMtimemMBttliid 

Ito  most  uteftd  forms  of  socialy;  tnd  been  provided  for  their  disperricm  ht 

has  so  ealled  forth  his  invantiTB  re-  more  efihetual  than  any  which  we  beholi 

•ources,  that  he  has,  to  a  considerable  in  operation.  To  prevent  a  reeolt  so  IMe 

estent,  aom:died  the  o(«miand  and  the  in  hannony  with  what  ifipean  to  ba  tibe 

dii«etion<S the  powers  of  nahne.  genenl  system  <tf  the  wuversa»  ea^  ea- 

The  i«sesrohes  of  modem  navigators  pante  region  of  the  globe  waa  tUMdiei 

have  shown  that  the  human  race  is  with  a  distinct  stock  of  plants  and  aai- 

spread  neaiiy  over  the  whole  earth.    It  male.    But  in  the  instance  <rf  tin  huauoi 

has  been  found  in  the  midst  of  the  most  race,  snoh  a  plan  of  proeeediq|r  waa  net 

sultry  regions,  in  the  vicinity  of  the  pde,  RKpiisite.     Man  was  endued  with  aeon- 

and  upon  islands  which  a  boundless  stitution  capeble  of  aiwnmmndetiiig  'tmk 

ocean  vfould  have  seemed  to  cut  off  from  to  the  greiaest  changes  of  dimate,  and 

communication  withthe  rest  of  thewuild.  vvith  the  power  of  mventlqg  methods  for 

The  islands  of  Spitzbogen  and  of  Nova  protecting  himself  agiinst  alaoeDherie 

Zemblato  the  nor^,  and  Sandwich  Isle,  uAuenoe:hewasB]soenthlad,bgrtlioald 

the  Isles  of  Falkland,  and  Kerguelen*s  of  the  same  power  of  invention,  to  tnna- 

Land  to  the  fouM,  are  the  only  countries  port  himself  over  the  OKist  extensive  sees 

of  oonnderable  extent  which  have  been  and  across  the  most  fonmdahla  rai^ges 

found  entirely  destitute  of  human  inhar  of  mountaina     FurriAad  with  tfaSss 

bitants.  In  Uie  north,  the  habitations  of  capabilities,  his  race  waa  onynePy  plaaej 

man  stretch  nearly  to  the  75th  degree  of  in  only  one  spot  of  the  wond. 
latitude;  while  in  the  south  a  miserable       In  order  that  the  question  muf  be 

race  (that  of  the  Petcheres)  exists  on  the  folly  understood,  it  is  requisitn  to  a^plna 

bleak  and  barren  shores  of  Terra  del  vdiatissignifladby  the  temu^lSMftani 

Foega  The  oases,  or  iriands  of  verdure,  apmim^  of  which  frequent  use  has  tieea 

scattered  over  the  sands  of  Africa,  are  made  in  the  course  of  the  pwssrt  tiea- 

also  the  seats  of  population.  In  one  part  tise.     A  race  of  animals,  or  a  tifta  of 

of  the  woridthshmnan  body  supports  a  plants,  maikad  by  any  paeafiaiitiet  ef 

heat  higto  than  that  which  nkakes  ether  structure,  which  from  one  generation  ta 

boil;  and,  in  another,  a  odd  which  ooca-  another  have  alwajrs  been  oonstant  and 

sions  the  congelation  of  mercury.  undeviating,  form  a  fpeptet ;  and  two 

Notwithstanding  the  dissimikrities  of  races  are  w^  to  be  jpeei7leo%  dutU^ 
structure  and  complexion  which  are  ob-  if  they  are  distinguished  mm  each  othsr 
served  upon  comparing  the  natives  of  l^  some  peculiarities,  which,  in  the  lapse 
dififerentcountries,there  are  the  strongest  of  generations,  the  one  cannot  be  sup- 
reasons  to  believe  that  the  human  race  poMd  to  have  acquired,  or  the  other  ie 
forms  not  only  a  sinjB^le  genus,  but  also  nave  lost,  through  any  known  operation 
a  single «pectef;  or, in  other  words,  that  of  physical  causes:  so  that,  under  ths 
all  the  several  varieties  of  men  sprung  word  species,  are  comprised  all  those 
originally  from  one  pair  of  individuals,  animals  whidi  are  concluded  to  have 
Thoufch  there  exist  independent  grounds  snrung,  in  the  forst  instance,  from  a  wa^ 
for  tms  ojnnion  (as  will  presently  be  gle  pair*.  The  term  gemu  has  a  mors 
shown),  it  is  proper,  before  we  proceed  extensive  amdicatioa  There  are  sevenl 
to  a  statement  of  these,  to  remark  that  species  which  so  resemble  eadi  other  u 
the  whole  tenor  of  Revelation  is  against  immediately  to  suggest  the  idea  of  aams 
any  other  supposition.  near  relation  between  them.    The  horae^ 

We  may  oisoem  in  the  diffisrence  be-  the  ass,  the  lebra,  and  others  of  the  horos 

tween  the  means  adopted  for  peopling  kind,  are  one  instance  of  tlfis  remaik; 

the  earth  with  the  human  race,  and  those  the  different  species  of  elephants  are 

provided  for  covering  it  with  the  inferior  another ;  and  athird  is  furmshed  by  tbi 

creatures,  the  traces  of  thatwiklom  which  aeveral  kinds  of  oxen,  buffaloes,  biaoBa, 

uniformly  pervades  the  arran^ments  of  &c.,  all  belonging  to  the  ox  genua,  and 

Providence.  Had  there  been,  m  the  first  bearing  a  striluig  resemblance  one  to  ths 

instance,  no  more  than  one  pdr  of  each  other.  As  no  ]^ysical  causes  are  knoiva 

genus  of  animals,  and  one  individual  of  whidi  could  have  operated  so  aa  to  pr»> 

each  tribe  of  plants,  and  had  these  been  duce  those  differences  of  structure,  wwk 

<»Ued  into  being  upon  only  one  spot  of  exist  between  the  several  species  of  OM 

the  earth,laige  re^ons  separated  by  wide  genus,  it  is  concluded  that  they  origift- 
and  lofty  cliains  of  mountains  from 


the  country  containing  that  single  spot,  *  ii  is  of^ruini/  po«Mbi«  ibat  wk«t  w«  twm  •■» 

would  for  ever  have  remained  almost,  if  •;*«'"  ""^f  *"»,!?  •»»;•"!«/•? ''  *^"  "'  '^r.^'^Hl 

.%<«4  ««4:-»i..    J  ^'A   A       r     1      i          J        •  p»ir»  exiwrf/v  «//*«;  bar,  jodiftnjc  from  all  tkst  tP 

not  entirely,  destitute  of  plants  and  am-  Un  obMnad,  u  u  by  m  m«Ms  proMhta. 
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lUy  ^[nriiiig  from  Afferent  individualg.  but  this  circumstance  is  lufficiently  ex- 
A  genus,  consequently,  is  a  collection  of  plained  by  their  addiction  to  intemperate 
several  species  on  a  principle  of  resem-  habits,  and  their  constant  exposure  to 
blance ;  and  it  may,  therefore,  comprise  a  fotigue  and  hardships.  When  they  have 
fpctaUr  or  less  number  of  niecies,  accord-  not  such  disadvantages  to  contena  with, 
in^to  the  partioularviews  of  the  naturalist,  their  term  of  life  seems  to  be  as  long  a^ 
It  iS  not,  however,  always  easy  to  deter-  that  of  any  other  race  of  mea  Several 
mine  what  races  of  animals  are  of  the  instances  are  cited,  l)oth  of  n^;roes  in  the 
nme,  and  what  of  separate  species.  Itis  a  West  Indies,  and  of  native  Amcans,  hay- 
well  known  fact,  that  consioerable  varie-  ing  attained  to  a  very  advanced  age ;  and 
ties  arise  within  the  limits  of  one  species;  among  the  natives  of  America,  cases  of 
and  such  varieties  are  often  transmitted  longevity  are  Oar  from  tmcommoa  Hum- 
to  the  offspring,  and  become,  in  a  great  boldt  mentions  the  name  of  a  Peruvian 
measure,  permanent  or  fixed  in  the  race,  who  lived  to  the  age  of  one  hundred  and 
Hence  the  difficulty,  in  some  cases,  of  forty-three,  and  who,  only  thirteen  years 
deciding  whether  two  races  of  animals,  before  his  death,  was  accustomed  to  tra- 
of  the  same  genus,  and  similar  in  many  vel  on  foot  from  three  to  four  leagues 
particulars,  but  (Mering  in  others,  are  daily.  The  Laplanders,  asain,  are  said 
merely  what  are  termed  varieties  of  one  to  be  rather  remarkable  forlong  life. 
species,  their  diversities  bavins  proceeded  As  to  diseases,  it  seems  an  undoubted 
from  the  action  of  extemal,  or  other  fact  that  all  human  contagions,  and  all 
causes,  on  a  stock  originally  the  same,  epideniic  complaints,  exen  their  pemi- 
or  tribes  of  an  entirely  distinct  origin  cious  influence  on  every  tribe  of  men, 
from  the  beginning.  though  the  natives  of  particular  climates 

Dr.  Pricmurd,  in  an  able  work  entitled  suffer  more  than  others.  And  as  to  con- 
**  Researches  into  the  Physical  Histoiy  stitutional  complaints,  the  difference  is 
of  Mankind,**  to  which  we  have  before  only  one  of  inreaisposition,  and  analogous 
had  occasion  to  refer,  mentions  the  cri-  to  what  is  witnessed  in  different  families 
teria  which  may  be  used  in  order  to  de-  in  the  same  nation,  some  being  constitu- 
termine  whether  all  the  races  of  men  tionaUy  more  liable  to  certain  disorders 
belong  to  the  same  species.  The  first  of  than  others.  The  constitution  of  the 
these  is  furnished  by  a  reference  to  the  American  is  observed  to  be  the  most 
general  laws  of  theur  animal  economy :  torpid,  that  of  the  European  in  general 
since,  should  it  appear  that,  in  two  races  the  most  irritable. 
of  animals,  the  duration  of  life  is  the  The  conclusion  which  results  from  the 
same;  that  their  natural  functions  observe  first  method  of  inquiry,  as  will  be  more 
the  same  laws ;  that  they  are  subject  to  particularly  seen  by  referring  to  the  work 
the  same  diseases,  and  susceptible  of  the  above-mentioned,  is,  that  the  grand  laws 
same  contagions— there  is  a  very  strong  of  the  animal  economv  are  the  same  in 
fvesumption  that  they  are  of  the  same  their  operation  upon  aU  the  races  of  roan- 
species.  Another  way  of  examinin|][  the  kind.  The  deviations  which  occur  are 
subject,  is,  to  inauire  whether  the  diver-  not  greater  than  the  common  varieties 
Bities  in  mankind  are  strictly  analogous  in  constitution  which  exist  within  the 
to  those  varieties  in  form,  colour,  &C.,  limits  of  the  same  family.  Here,  then, 
vhich  occur  in  the  lower  departments  of  is  one  strong  presumption  in  favour  of 
the  animal  creation,  within  the  limits  of  the  mference  that  aU  men  belong  to  one 
ftm  same  species.  The  method,  however,  species ;  for  it  appears  that,  amone  ani- 
which  bears  most  directiv  upon  the  ()ues-  mals,  neighbouring  species,  so  dosely 
tion,  is  to  ascertain  what  is  positively  allied  as  to  have  often  been  taken  for 
knovm  respecting  the  springing  up  of  mere  varieties  of  the  same  stock  (as  the 
^nuieties  among  the  human  race.  wolf  and  the  dog),  differ  materially  in 

Fbrst,  with  respect  to  the  laws  of  the  the  laws  of  their  animal  functions, 
snimal  economy,  it  may  be  inquired  The  next  mode  of  inquiry  suggested, 
whether  there  are  any  peculiarities  which  is,  how  fax  the  diversities  of  complexion, 
.distinguish  one  race  of  men  from  another,  figure,  and  stature,  seen  among  the  se- 
of  such  a  description  as  to  render  it  pro-  veralraces  of  men,  are  analo^us  to  those 
-bablethat  they  constitute  distinct  spedes.  varieties  which,  in  Uie  inferior  animals, 
•Certain  writers  have  supposed  that  there  often  occur  without  marking  any  specific 
is  a  difiieience  between  Europeans  and  difference,  and,  indeed*  originate  before 
some  other  nations,  in  the  duration  of  our  eyes  within  the  limits  of  the  same 
life.  It  is  not  to  he  denied  that  savage  species.  In  this  place  we  shall  accord- 
nations  are,  in  i^neral,  shorter  hved  than  ingly  note  the  most  remarkable  instances 
the  ii;hi^ant8  of  civilized  countries;  of  variety  which  appear  in  mankind. 
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thick  ftnd  heavy,  the  fiLce  narrow,  pro>    and consequentlvin the  degreeof  strength 
jwtine  towurds  the  lower  part,  the  nose    and  agility  which  they  possess,  there  are 
spread  and  ailmost  confounded  with  the    some  remarkable  vaneties  among  na- 
eneeks,  the  lips,  particular^  the  upper    tions.    Some  Negro  tribes,  the  Austra- 
one,  verythiclL    The/ourtn  variety  ap-    lian  or  New  HoUand  savages,  and  the 
poaches  to  the  Mongolian :  the  cheek-    Kalmucks,  seem  to  be  those  which  differ 
1>ones  are  prominent,  but  more  arched    most  in  figure  from  Europeans.     Ao- 
and  rounded  than  in  the  skull  of  the    oordine  to  numerous  measurements,  the 
Mongole,  the  form  of  the  forehead  and    armbdow  the  elbow  is  somewhat  longer 
of  tte  top  of  tilie  head  is  often  altered    in  theN^gro,  in  proportion  to  the  upper 
by  means  cf  artificial  pressure  during    arm,  and  to  the  height  of  the  staraie, 
inbncy,  the  fiice  is  broad  without  being    than  it  is  in  the  European.    It  has  there- 
flat,  tHe  forehead  low,  and  the  eyes  deeply    fore  been  remarked,  that  in  this  respect 
seated.    In  the  y{^A  variety,  the  summit    the  generality  of  Negroes  approach  more 
of  the  head  is  slightly  narrowed,  the    to  t&  structure  of  the  ape ;  but  if  we 
forehead  a  little  arched,  the  upper  jaw    descend  to  individuals,  many  Europeans 
somewhat  OTOjecting,  the  &oe  less  nar-    will  be  found  in  whom  the  fore  arm  is  as 
row,  and  the  feattves  more  prominent    long  as  in  the  majority  of  Negroes,  and, 
and  better  marked  than  in  the  ne^.         on  the  other  hand,  Negroes  in  whom  it  is 
These  descriptions  ^ve  a  dear  idea  of    as  short  as  in  the  minority  of  Europeans, 
five  principal  varieties  m  the  form  of  the    A  clumsy  form  of  the  legs,  broad  and  flat 
human  h^;  neverthdess,  the  attempt    feet,  and  lar^  hands,  are  also  described 
to  assupi  them  as  the  distinctive  charao-    as  peculiarities  of  the  N^gro. 
ten  of  so  many  races  of  men  is  open    .    With  respect  to  stature^  the  difference 
to  strong  objections ;  since,  whether  we    between  one  nation  and  another  is  gene- 
take  as  a  standard  the  figure  of  the  skull,    rally  not  very  considerable.    From  all 
or  perhaps  any  other  peculiarity  of  struo-    accounts,  the  tallest  race  of  men  existing 
ture,  it  is  impossible,  with  reference  to    are  the  Pata^nians.    They  are  usually 
that  standard,  to  divide  the  human  spe-    more  than  six,  and,  in  some  instances, 
des  into  departments,  such  as  can  oe    as  much  as  seven  feet  in  height    On 
regarded  with  probability  as  so  many  se-    the  contrary,  the  natives  of  Tienra  del 
Murate  races  or  families.    The  third,  or    Fuego  are  described  as  miserable  and 
Ethiopian  variety  of  skull,  is  found  in    ptmy  savages.    The  Esouimaux,  in  the 
the  matest  degree  amonj^  the  tribes  in-    north  of  .America,  are  likewise  diminu- 
habSing  the  cMst  of  Gumea  and  other    tive,  being  generally   under  five  feet 
western  countries  of  Africa;  but  it  must    Africa  al^  contains  some  small  races, 
not  be  set  down  as  common  among  all    Of  the  Bosjesmans  or  Bushmen,  who  are 
the  Negro  nations ;  for  there  are  many    said  to  be  the  most  deformed  of  man- 
black  and  wooUy  headed  races  in  Africa    kind,  Liehtenstein  saw  two  individuals 
irhich  come  under  the  designation  of   who  were  scarcdv  four  feet  high.    This 
^Ymro,  who  display  a  very  different  shape    unhappy  race,  who  were  plundered  of 
3f  uie  head  and  features  from  that  tfe-    their  property  and  hunted  down  like  wild 
icribed  under  the  Mtttf  variety.    Again,    beasts  by  the  early  settlers  in  the  Cape 
the  skulls  of  the  New  Hollanders  are    odony,liave  since  hved  among  the  rocks 
ifanost  as  much  compressed  as  those  of   and  woods  on  the  northern  frontier  of 
my  Negroes,  and  they  would,  under  the    the    settlement  where    they    sumxnrt 
[nreceduig  classification,  be  brought  with-    themsdves  in  a  ^reat  measure  by  oepre- 
n  the  Ethiopie  race ;  yet  no  one  could    dation.    These  instances  tend  to  show 
issert  that  the  New  HoDanders  and  the    that  whenwhde  races  are  deformed  and 
irooUy-headed   Africans,    differing    so    stunted,  it  is  to  be  attributed  to  enx>sure 
nuch  in  other  physicd  characters,  and    to  constant  hardships  or  an  inclement 
leparated  by  so  vast  a  distance,  should    climate,  and  to  the  wretched  and  preca- 
}e  induded  in  the  same  department  of   rious  nature  of  their  subsistence.    Both 
he  human  spedes.    On  iik  account    extreiiiesof  statiue  which  have  been  ob- 
Dr.  Prichard  has  proposed  a  division  of    served  amon^  nations,  are   frequently 
he  varieties  of  tne  skull   into  three    surpassed  by  mdividual  examples  in  the 
Masses,  distinguished  by  names  derived    inhabitants  of  different  countries.  Many 
ram  their  forms,  and  not  tcom  any  sup-    natives  of  Europe,  trotn  eight  to  nine 
weed  origin  of  the  nations  to  which  they    feet  h^  have  been  exhibited  as  objects 
Miectivdy  belong.  of  curiosity,  and  there  have  been  dwarfs 

In  the  sht^o/the  body,  as  well  as  in    of  less  than  four,  and  even  three  feet 
he  9%ze  and  proportim  of  the  limbs,       Ihe  only  other  varieties  in  the  human 
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rtoe  whieh  r^uire  notiee,  ue  thoie  in  in  some  caaet  we  might  be  wamnled  in 

the  learltfTtf  of  the  ikin,  and  th$  eharmo-  ooneludin^  that  the  eoloun  depend  upon 
ierofihe  hair»  The  skin  of  Nemes  is  *  the  local  oveumstaneea  of  the  oountries 
saUl  to  be  always  eooler  than  that  of    in  which  the  breed  is  planed     Biumen- 

Suroneans  in  the  same  oUmate,  and  to  baeh  mentions  sereral  eramples  whidi 

be  cmrtingnished  ftnr  its  sleekness  and  wiU  illustnte  this  remark.    He  atefss 

▼el^et-like  softness.    A  similar  obserm-  iSbtA  all  the  s^irine  of  Piedmont*  aif 

tion  has  been  made  of  sereral  African  Uaek;  those  of  Nonnanify.tvfalls;  and 

tribes»  and  also   of    the    Otaheitans.  those  of  Bavaria  of  a  reddish  brown 

These  qualities  of  the  skin  seem  to  be  odour^    In  Hungsrj.  the  ossn  are  of  a 

conneoted  with  the  eiistenoe  of  the  dark  greyish  white ;  in  naaeQnia» 


matter  by  which,  among  these  nations,  iedlThetuilBeystifKflnnaadvaRbudi; 

it    is    coloursd;  for  in  oiMnof,  both  those  of  Bboom  almost  all  wfaitie*    In 

African  and  Otaheitan,  the  skm  becomes  Ghiinea,tfaedoaand  the  gaffimuMOiii* 

rough  and  faiilamed,  and  encks  upon  foiris  are  as  mack  aa  the  hnmaa  tacsi 

bei^  exposed  to  the  sun.  Theeontrasts  Bveninourownooaqtiyioertainookmn 

between  the  hair  of  different  races  are  may  be  seen  ^reraihmr  in  the  eattle  of 

exosedtnf^  striking.    In  the  Negro,  the  paiiieular  di0ki0t&    uottor  P.  Buchsr 

Hottentot,  and  some  other  races,  the  nan  sajrs,  that  in  Mysqra  the  abaep  cs- 

hair  is  short  and  erisp,  somewhat  an-  hibit  three  sosta  of  eakiv;    red.  Uaek, 

proachmar  to  the  nature  of  wool;  m  and  white,  and  tbsea  ate  noidiatiiiet 

other  na&ons  it  is  lomr  and  lank ;  and  breeds,    Don  rain  da  Aaaia  rdatss 

between  these  two  kinds  there  are  nume*  some  curious  eireumatanoea  rrspeding 

rous  gradatkms.    In  Africa,  the  Kaffers  the  colour  of  the  bones  and  osan  in  F^ 

have  hair  like  that  of  the  Negroes;  raguay,  where,  as  well aa in  otW parts 

some  tribes  ha?e  it  longer  J  someagaiup  ofBouth  America, bothtfaM^iaoea  nan 

who  are  blade  and  otmrwise  similar  to  run  wild*  and  become  mr  nnmarous. 

Negroes,  have  hair  curied,  but  not  crispi  He  sa^  that  all  the  wiltf  norsaa  are  of 

The  Papuas  (the  name  by  which  the  in-  one  eokmr  (a  chestnut  or  baf-brownL 

habitants  of  New  Guinea  and  thendgh-  whereas  the  domestio  horaes  are  of  sll 

bouiing  islands  are  distinguished)  hare  colours,  aain  other oountriea.  He  mains 

crisp  hair ;  but,  unlike  that  of  the  Afri-  a  similar  kind  of  observation  conceming 

cans,  it  grows  rery  long,  and  admits  of  the  oxen.    As  to  farm  and  the  structure 

being  spread  out  into  an  immense  bush,  and  proportion  of  parte,  the  diversities 

The  ■hair  of  the  natives  of  Van  Diemen*s  which  arise  in  the  same  race  of  animslt, 

Land  is  as  crisp  as  that  of  the  Africans,  ftr  surpass  those  wnioh  subsist  between 

but  the  New  Hollanders  have  straight  one  nation  and  fmoiiher  amQng  men.  Al- 

hair;  while  in  the  New  Hebrides  it  is  luding  to  the  hog  tribe, Professor  Blu- 

of  an  intermediate  character,  and  varies  menlMch  rinarks,  that  *'  no  naturalist 

considerably  in  the  men  of  tin  same  has  cflurried  bis  soepticistn  so  fiur  as  to 

island.    The  hair  of  the  natives  of  Ame-  doubt  the  desoent  of  the  domestic  swine 

ricais  generally  lank ;  in  a  fewinstances  fitmi  the  wfld  boer.    It  is  certain  that, 

curled ;  but  in  none  crisp  or  woolly.  before  the.  discovery  of  America  by  the 

In  tiie  next  place,  we  shall  compare  Spaniards,  swine  were  unknown  in  thit 

the  diversities,  of  which  a  sketch  has  been  quarter  of  the  world,  and  that  they  were 

fldven,  as  existing  in  the  appearance  of  nrst  carried  thither  from  Buropa.    Yet, 

the  human  race,  with  the  variations  in  notwithstanding  the  comparahva  ahori> 

form,  odour,  and  structure,  which  are  ness  of  the  interval,  they  have  in  tlMt 

seen  m  the  lower  animals,  and  especially  country  dM;enerated  into  breeds  won- 

m  the  domesticated  kinds.    The  diflfe-  derfiilly  di^rent  firom  each  other,  and 

rences  in  colour  which  quadrupeds  of  from  the  original  stock.    These  instances 

♦   ♦u**"®  ®P«c»««  exhibit,  are  so  femiliar  of  diversity,  and  those  of  the  hc^  kind 

to  the  eye,  that  it  is  unnecessary  to  do  in  general,  may  therefore  be  taken  u 

more    than   allude  to  them.     Among  dear  and  safe  examples  of  the  vaiiations 

horses,  oxen,  doM,  cats,  rabbits,  &c.,  which  may  be  expected  to  arise  in  thi 

we  conbnually  behold  hues  which  are  descendants  of  one  stock."    He  albo^ 

analogous  either   to  the  melanic,  the  wards  observes  that  the  difference  be 

xanthous,  or  the  albino  varieties  in  man-  tween  the  craniums  of  the  N^gro  and  of 

kind.    Among  several  kindsof  wild  ani-  thcEuropean  is  not  greater  tlnm  thet 

™««»  a  white  not  unfrequently  springs  between  the  craniums  of  the  vrild  boar 

up.    In  many  instances,  certain  colours  and  of   the  domestic  swine.     In  ^ 

«•  preT«lei.t  in  particul«  breeds  and  •t^^^^^ 
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breeds  of  oxen,  shee|),  and  horses,  we  surprising  peculiarities  have  made  their 
may  disoem  additional  examplei  of  de-  appearance  in  a  race  or  &mily,  and  some 
viation  from  an  original  standard.  Some  in  which  these  have  been  transmitted  to 
breeds  of  sheep  and  oxen  are  destitute  descendants.    The  description  of  such 
of  horns :  others*  on  the  contrary,  are  cases  would  exceed  the  liimts  of  the  pre- 
distinguished  by  the  Isj^  size  of  their  sent  treatise ;  but  an  account  of  several 
horns.    In  Paraguay  there  are  breeds  of  may  be  seen  by  referring  lo  the  au- 
oxen  without  horns,  descended  from  the  thor*  whom  we  already  cit^ 
common  homed  race.     With  respect  to  It  appears,  therefore,  that  if  we  9fifif 
horses,  Blumenbach  agjun  observes  that  to  the  subject  under  discussion  the  seve- 
there  is  less  difference  in  the  form  of  the  ral  criteria  stated  at  the  outset  of  this 
skull  in  the  most  dissimilar  of  mankind,  inquirv,  the  results,  every  one,  1^  to 
than  between  the  elongated  head  of  the  the  inference  that  the  various  nations  of 
Neapolitan  horse  and  the  sk\ill  of  the  the  globe  are  descended  from  the  same 
Hui]«:arian  breed,  which  is  remarkable  stock.    This  inference  is  drawn,  Jlnt, 
for  us  shortness  and  the  extent  of  the  from  the  observed   uniformity  in  the 
lower  jaw.  The  varieties  in  the  covering  grand  laws  of  their  axumal  economyi 
of  animals  are  not  less  worthy  of  no-  allowanee,  of  course,  bong  made  fortne 
lice  than  those  to  which  reference  has  effects  of   climate    and  of  particular 
already  been  made.    In  the  same  race  habits ;  secondly,  from  the  existence  in 
of  sheep,  some  are  clothed  with  wool,  the  same    species  among  the  inferior 
Qihen  with  hair.    It  is  known  that  if  a  tribes  of  the  creation,  of  varieties  ana- 
flock  is  neglected,  the  fine  wool  is  sue-  logons  to  those  which  occur  in  mankind; 
ceeded  by  a  much  coarser  growth,  inter-  and  thirdly,  from  the  fact  of  varieties 
mixed  with  strong  hairs ;  the  breed,  be-  being  really  known  to  have  sprung  up 
ing  no  longer  kept  up  with  care,  seems  among  men,  more  or  less  similar  to 
gradually  to  degenerate  towards  the  cha-  those  which  distinguish  different  nations, 
ractors  of  the  argali,  or  wild  sheep  of  There  is,  nevertheless,  a  point  at  which 
Siberia,  which  natuni^ts  consider  to  be  the  similarity  between  xhe  two  cases 
the  stock  whence  all  domestic  sheep  have  obviously  terminates :  the  peculiarities 
proceeded.    A  striking  specimen  of  the  which  arose  in  the  human  species  at  a 
changes  which  occur  in  breeds  is  af-  remote  and  unknown  period  have  be- 
ford^  by  the  sheep  of  the  West  India  come  the  characteristic  marks  of  large 
islands,  which,  although  descended  from  nations,  whereas  those  which  have  made 
the  woolly  sheep  of  Europe,  are  covered  their  appearance  in  later  times,  have,  in 
with  coarse  haur.    The  deterioration  has  ^neral,  extended  verv  little  beyond  the 
usually  been  attributed  to  the  heat  of  the  mdividuals  in  whom  thev  first  showed 
climate ;  but  it  must  also  be  referred  to  themselves,  and  certainly  have  never 
the  circumstance  of  their  breed  having  attained  to  anvthing  like  a  prevalence 
been  neglected.    Other  animals,  such  as  throughout  wnole  communities.     But 
j;oate  and  dogs,  display  a  siinilar  variety  this  is  a  circumstance  whtoh  it  does  not 
m  the  nature  of  theur  covering.  seem  difficult  to  explain.  If  we  consider 
The  preceding  facts  clearly  prove  that,  that,  ever  since  the  population  of  the 
in   the   lower   animal  creation,  there  worid  has  been  of  luge  amount,  the  pos- 
spring  up,  in  the  same  species,  varieties  sessors  of  any  peculiar  organisation  nave 
of  an  analogous  or  similar  kind  to  those  borne  such  a  very  small  numerical  pro- 
iirluch  mark  the  different  races  of  men.  portion  to  the  nation  to  which  they  be- 
The  existence  of  this  analogy  confirms  longed,  that  it  is  no  way  surmisii^  that 
still  fiirther  tiie  opinion  expressed  as  to  they  should  soon  have  been  lost  m  the 
the  unity  of  the  human  species.    It  now  general  mass,  still  less  that  th^  should 
oiily  remains  to  inquire  whether  it  is  ab-  have  failed  to  impress  it  with  their  own 
sdutely  known  that  varieties  have  arisen  peculiar  characters.    In  the  early  period 
in  a  funily  or  race  of  men  siinilar  to  ofthe  world,  when  mankind,  few  m  num- 
those  diversities  which  distinguish  one  bers,  were  banning  to  disperse  them- 
nation  from  another.  selves  in  detached  bodies  over  the  face 
It  is  a  well-attested  fact  that,  among  of  the  earth,  the  case  was  altogether  dif- 
jMSToes  and  other  daric-coloured  tribes,  ferent,  and  we  can  easily  understand 
individuals  of  the  albino  and  xanthous  how,  if  any  varieties  of  colour,  form,  or 
comf^exions  are  not  imfrequently  bom ;  structure,  then  ori^nated  in  the  human 

and  with  respect  to  form  and  structure,    _;; 

Mid  the  texture  of  the  skin  and  hair,  •  j^  pnoutd't  "lUMarolMi  uto  xu  Fhjfieal 

many  instanees  are  reeordsd  whertm  BUtorj  of  M«akind.* 


NAVIGATION. 


Introduction.  stance,  to  be  drawn  around  the  angle  A'' 
Navigation  is  the  science  which  teach-  p  M",  iny^.  5,  (page  1 1 ,)  and  let  them 
es  the  mariner  how  to  conduct  his  ship  ^  ^^  drawn,  that  the  point  C,  at  which 
from  any  one  port  or  place  to  any  other.  ^®  *^^®  ^^  formed,  may  be  the  com- 
An  application  of  its  principles  will  J?®^  ^J?^  ^^  all  tl^e  circles.  Then  the 
enable  him  at  any  time  to  discover  the  ^®^  ^^  ^^  ^"^  *"^  said  to  inter- 
situation  of  his  vessel,  the  direction  in  ^'»  ^**  ^^*  *^  '^<?  between  them,  a 
which  he  oueht  to  steer  towards  his  Poriion  of  each  of  the  circles  :  in 
intended  destination  or  port,  and  his  *"®  largest  and  outer  circle  they  inter- 
distance  from  such  port  and  from  the  ^®P*  ^®  portion  A"  M",  which  is  called 
place  from  whence  he  sailed:— This  *^  ^^>  ^^^  its  resemblance  to  a  bow: 
science  explains  also  the  method  of  ap-  ^^T  ^^.^^  "*  indebted  for  many  of  our 
plying  the  different  instruments  used  m  scientific  terms  to  the  Arabians,  who 
its  practice,  and  of  discovering  then-  er-  ^®^^*  P«ople  of  warlike  habits,  they 
rors  and  imperfections.— In  short,  it  is  exhibit  naany  metaphors  drawn  from 
that  branch  of  the  seaman's  educaUon  ^^^  ^^  ^^'  ^^^  ^^^  curved  Ime 
which  may  be  learnt  on  shore,  and  ^  ^  »  and  the  corresponding  inter- 
apart  from  the  ship ;  and  furnishes  a  ^«P]^  portions  A  M,  A  M',  are  all 
material  part  of  all  that  is  requisite  to  *^?  *<>  measure  the  angle  A'  C  M", 
be  known  by  him,  on  whom  devolves  ^y^^ch  is  formed  by  tlie  intercepting 
the  anxious  responsibility  of  directing  "J^  ^  ^*  ^  ^  5  ^^  matters  not  which 
the  course  of  a  vessel  through  that  vast  ^'  "^^^e  arcs  we  take  as  a  measure ;  for 
and  treacherous  expanse  of  waters.  ^^V  are  all  the  same  fracUonal  part  of 
which  forms  the  greater  portion  of  the  J"®  respective  circles  to  which  they  be- 

surface  of  our  globe,  deprived  of  that  l?^?/  ^"^'  "  ^^   W  ^  ^  ^*?^*  P"^ 

assistance  which  the  traveUer  on  land  ?^  *"«  greatest  and  outer  cnxile.  A^  M' 

receives  from  beaten  tracks,  and  known  ^  ^'^/iS"***  P.*^  ?^  r®i.  °®**  greatest. 

landmarks,   but  enabled  to  rely  with  and  A  M  an  eighth  of  the  smallest  and 

confidence  on  other  guides,  which  the  innermost  circle.    Mathematicians  con- 

bounty  of  his  Creator  has  provided,  ceive  cu-cles  to  be  divided  mto  360  eaual 

and  which  the  ingenuity  of  man  has  parts,  which  they  call  rf^'^ije* ;  each  of 

converted  to  his  use  under  such  cir-  5?®?®  degrees  is  again  supposed  to  be 

cumstences  of  apparent  difficulty.  divided  mto  sixty  eaual  parts,  called 

The  term  Navigation  is  derived  from  ^«««'<?*.  and  each  of  these  mmutes  into 

the  Latin  word  navigo,  which  signifies  ?«*/  ^^nal  parts,  called  seconde-  and, 

literally,  to  work  or  manage  a  ship;  but  "  smaUer  parts  are  recjuffed,  tfie  se- 

the  art  itself  consists  chiefly  in  the  ap-  S?^?2- ™*X^  ^^^,?*  *?*^  **^j  and 

plication  to  practice  of  a  branch  of  the  thirds  into  fourths,  &c.  each  deno- 

mathematics,  and  a  branch  of  the  sci-  nnnation  being  always  sixty  times  the 

ence  of  astronomy,  which  owes  ite  name  ™"®  ^}  *^**  which  follows  it  m  the 

to  that  appUcation.  Jf^er  of  succession ;  these  divisions  for 

"^  the  sake  of  brevity  are  written  as  fol- 

PART  I.  lows: — thus,  57  degrees,  31   minutes. 

Chapter  I  ^^  seconds,  37  thirds,  48  fourths,  and 

-.       .     ,  J   /n  •       I        rx^    ^t.  32  fifths,  are  written 

On    Anglee  and    Trtangles, — On    the  57°  31' 42"  37'"  48''^  32^ 

Mode  of  solving  Triangles  by  Con^  ^^        |^  ^3  ^^  ^^  contain  the  same 

etructton.  number  of  degrees,  &c.  which  the  lines 

(1.)  In  the  course  of  our  present  in-  containing  it  intercept  on  the  qircum- 

quiries  we  shall  find  it  necessary  to  scribed  circles ;  if  the  Unes  A"  C,  M"  C 

possess  the  means  of  ascertaining  the  intereept  40°  on  each  circle.  A"  C  M" 

exact  size  of  an  angle  ;•  this  is  effected  is  an  angle  of  40°. 

through  the  medium  of  circles.    Con-        (2.)  When  the  lines  which  contain  an 

ceive  any  numl)er  of  circles,  three,  for  in-  angle  intercept  a  quarter  of  the  circles 

•  This  word  u  from  the  Latin  a»^«t,  which  .ig.  d«s?nbed  around  it,  the  angle  is  called 

jufiM  a  eorsfr.  a  right  angle,  and  the  us\«%  ^^ycXnasica^ 
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it  are  said  to  he  perpendicular,  or  at  pend  on  theiraccuracy  to  a  less  quantity 

riffht    angles    to    one    another ;    the  than  about  the  quarter  of  a  def^^  or 

quarter  of  the  circle'  is  called  a  quad-  1 5' ;  that  ii,  were  we  to  attempt  to  draw 

rant*  Thus  in  Jig.  5  the  lines  E"C  and  an  angle  containing  exactly  43°  14'  16*, 

A"  C  are  represented  as  cutting  oflf  a  the  small  quantity  (44")  by  which  that 

quarter  of  each  of  the  three  circles,  and  angle  differs  from  an  angle  of  43°  15' 

the  angle  A"  C  E"  is  a  right  angle,  and  would  be  wholly  imperceptible  and  lost, 

the  lines  A"  C  and  E"  C  are  perpendi-  owing  to  the  imperfection  of  the  means 

cular  to  one  another:  and  as  the  arcs,  we  make  use  of  to  effect  our  object; 

which  lines  containing  a  right    angle  probably  the  very  thickness  of  the  lines 

intercept,  are  a  quarter  of  the  circles  contaimng  our  angle  would  be  equal  to 

to  which  they  respectively  belong,  which  nearly  a  quarter  of  a  degree — it  follows, 

circles  contain  360°,  every  right  angle  therefore,  that  we  cannot  depend  on  an 

must  contain  90  of  those  degrees.  angle,  thus  drawn,  to  less  than  that 

(3.)    Every  triangle  has  six  parts,  quantity. 
the  three  angles  and  the  three  sides.        (7.)  There  is  an  instrument  also  caUed 

There  are  various  kinds  of  triangles —  b.  plain  diagonal  decimal  scale;  this  is  a 

the    right    angled    triangle    is    that  nuer  divided  into  a  certain  number  of 

which  has  one  of  its  angles  a  right  angle,  equal  parts,  and  these  parts,  l)y  a  parti- 

Thus  the  triangle  ABC  {Jig.  1)  is  a  cular  contrivance,  are' again  subdivided 

Fig.l.        i^ght    angled  triangle,  d^tmaZ/y,  or  into  tenths  and  hundredths 

having  the  right  angle  of  those  parts.    By  thb  instrument  we 

A  C  B  as  one  of  its  an-  are  enabled,  but  with  no  great  degree  of 

gles.     In  this  species  of  accuracy,  to  draw  lines  that  shall  bear  to 

triangle,   the  sides  are  each  other  nearly  any  proportions  we 

distinguished  by  mathe-  may  please  to  assign  them, 
maticians  by  particular        (8.)  The  use  of  the  above  mentioned 

names;  the  side  AB,  opposite  to  the  instrumentsmaybeillustrated  as  follows: 

right  angle,  is  called  the  hvpotenuse,'^'  suppose  we  know,  in  a  particular  case, 

and  the  two  sides  B  C  and  A  C  are  called  that  the  hypotenuse  of  a  right  angled 

either  base  or  perpendicular,  according  triangle  is  11 00  miles,  and  the  angle  at  the 

to  the  position  in  which  the  triangle  may  vertex  equal  to  53° :  then,  with  our  plain 
happen  to  be  placed :  thus,  in  the  present  scale,  we  draw  a  line  proporiionalto  11 00 
position  of  the  triangle  ABC,  AC  miles,  or  containing  1100  equal  parts, 
would  be  termed  the  base,  and  C  B  the  each  part  being  any  length  we  choose  to 
perpendicular,  CAB  the  angle  at  the  fix  upon,  and  which  then  becomes  our 
base,  and  A  B  C  the  angle  at  the  vertex    unit  of  length :  let  it  be  the  line  B  A  in 

or  top.  jfig.  1  ;  we  draw  also  another  line  B  C 
(4.)  OWi^M^  aw^/tfrf  triangles  are  those  making,  with  the  line  B  A,  an  angle  of 
which  have  not  any  of  their  three  angles  53° :  we  do  not  know  the  length  the  line 
right  angles,  in  short,  which  are  not  right  B  C  ought  to  be  when  the  triangle  is 
angled.  right  angled,  or  where  we  ought  to  stop 

(5.)  The  angles  of  any  triangle,  formed  in  drawing  it,  but  we  may  soon  ascertain 
by  straight  lines,  are  together  equal  to  it  by  our  ruler  or  scale  in  the  following 
180°,  J  or  two  right  angles;  therefore  in  manner: — as  the  angle  at  B  is  53°,  if 
any  right  angled  triangle  ABC  (flg.  1)  the  triangle  is  right  angled,  the  angle  at 
as  the  angle  A  C  B  is  equal  to  90°,  the  A  must  be  37°,  (Art.  5,)  draw  therefore 
angle  at  B  will  be  equal  to  the  angle  at  the  hne  A  C,  making  an  an^le  of  37° 
A  subtracted  from  90°,  and  the  angle  with  the  hypotenuse  A  B,  it  is  obvious 
at  A  will  be  equal  to  the  angle  at  B  sub-  that  the  drawing  this  line,  at  this  par- 
tracted  from  90° :  these  angles  are  called  ticular  angle,  determines  the  length  that 
the  comnlements  to  each  other,  for  the  the  line  B  C  ought  to  be,  when  the  angle 
one  makes  up  what  the  other  wants  of  at  C  is  a  right  angle ;  and  in  order  to 
being  a  right  angle,  or  90°.  ascertain  the  proportional  lengths  of  the 

(6.)  There  are  mathematical  instru-  lines  B  C  and  A  C,  as  compai*ed  with 
ments  by  which  we  are  enabled  to  draw  A  B,  we. need  only  measure  them  with 
angles  containing  whatever  number  of  our  scale.  'J  his  is  called  resolving  the 
degrees  we  please;  but  we  cannot  de-     triangh  ABC  btj  co7istrucfion.   We  say 

the  /?ro;}or/io«o/  lengths  of  the  lines  B  C 

♦i.r«n!]TJ«J  ^'*''^^^/'^  ^"''''•''"'Oy^'i''^' ''»°'*^^*     and  a  C,  because  it  matters  not  what 

tbe  oaarter  of  a  mnall  lloman  com,  called  an  as.  ,,-.   ^^  i ..  ,  _«   •      ^4U«- 

t  From  a  (ireck  word,  sipnifyinfr  to  extend  under     ""**  ^^  length  wc  make  usc  of,  in  Other 
Simson'n  Euclid,  book  i.  prop.  3:i.  "     words,  what  the  length  of  each  of  the 
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llOOpvbU,  Mhowthatnnit  iirqwe-  tnore  difficult  one  of  directing  the  eoune 

■ented  on  our  »ca]e,  provided  that  ne  of  a  stiip  throu^  the  oc«ui.    The  tra- 

applv  the  same  unit  and  measure  to  all  veller  on  land  has,  in  common  with  the 

the  three  sides  of  the  triangle.    Thus  it  mariner,  to  ascertain  his  coune  and 

)•  of  no  consequence  nhether  the  1 1 00  distance :  but  the  great  point,  in  which 

parts  of  the  hypotenuse  be  1 1 00  miles,  Joumej^^  upon  land  and    sailing  on 

or  yards,  M'  feet.  Sec.  or  whether  an  the  sea  differ  in  this  respect,  is,  that 

inch,  or  half  an  inch,  &c.  on  our  scale  on  land  the  course  and  disUnce  are 

represent  a  mile,  provided  that  in  taking  usually  determined  by  means  of  fixed 

all  the  three  measures  the  inch  or  half  marks  on  the  surface  of  the  earth,  with 

inch  represents  the  same  quantity:  if  the  appearance  of  which  the  traveller  ia 

half  an  mch,  for  instance,  represent  1 00  either  acquainted,  or  is  enabled  to  avail 

miles  when  we  measure  A  B,  it  must  himself  of  Iheir  assistance  by  the  aid  of 

Xsent  the  same  quantity  of  miles  certain  general  considerations  drawn 
we  measure  B  C  or  A  C.  from  experience ;  which  is  indeed  the 
(0.)  In  order,  therefore,  to  resolve  a  source  of  the  greater  part  of  that  more 
biangle  by  construction,  it  is  only  ne-  humble  knowledge  which  all  mankind 
eessarytonavethemeansofconstructing  possess  in  common.  In  traversing  the 
the  data,  that  is,  the  things  ^vcn,  and  ocean,  on  which  vessels  leave  no  per- 
then  we  measure  the  lines  or  angles  that  manent  trace  behind  them  of  the  path 
^reunknown:  for  if  the  data  be  sufficient,  they  have  pursued,  and  the  same  diffi- 
the  very  act  itself  of  representing  them  cullies  present  themselves  to  each  sue- 
on  paper  enables  us  also  to  represent  ceedjng  voyager,  the  sky  and  the  sea 
those  lines  and  anelea  that  are  not  given,  alone  remam  to  direct  the  mariner  in  his 
and  when  those  unknown  quantities  are  course, 
represented  on  paper,  and  on  a  scale  It  is  easy,  however,  to  imagine  a  case 

Koportional  to  the  known  quantities,  we  in  which  the  traveller  on  land  mavbe 

ve   but  to  measure   them   and   their  wholly  dependent  on  those  guides,  wnich 


a  knowledge  of  some  of  the  first  y 
pies  of  navigation  alone  can  furnish. 
(II.)  Thus  (J^.  2)  we  will  suppose 
Fig.    2  j 


values  are  then  ascertained.  The 
pies,  which  it  will  be  necessary  to  subjoin 
in  this  Part,  of  this  mode  of  resolving 
triangles,  will  sufficiently  illustrate  the 
■bove  explanation  of  the  phrase  reiolving 
a  case  by  cotulrucHon. 

Chaptbr  II. 
Preliminary  Consider ationt.—  On  Tra 
'  verset. 

(10.)  If  we  often  intemipted  the 
course  of  useful  pursuits  to  analyze  the 
manner  in  which  we  perform  some  of 
Jhe  compleK  though  common  opera- 
tions of  Ufe,  a  very  email  part  only  of 
that  which  is  actually  accomplished  by 
human  energies  and  industry  would 
then  be  achieved ;  yet  there  are  cases 
in  which,  in  order  to  otitain  a  clear 
conception  of  matters  of  science  or  art, 
with  which  we  are  not  familiar,  it  is 
expedient  to  advert  to  those  every  day 
occupations,  which  have  some  connexion 
more  or  lees  remote  with  the  object  of 
inquiry,  and  to  consider  the  difCbrent 
^ocesses,  which  lead  to  their  comple- 
tion, and  which,  generally,  through  the 
influence  of  habit,  make  no  impression 
on  our  minds. 

Thus  the  very  common  operation  of 
walking  from  any  one  spot  to  another,  him  at  a  house  A  situated  on  «ome  ex- 
Oot  in  atf^  at  the  commencement  of  our  tensive  and  barren  plain,  on  which  there 
journey,  b  connected  with  the  infinitdy    li  nO  object  that  can  by  possibOi*^  iKr<% 
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north  towards  the  south ;  now  the  angle  tain  at  any  tune  the  direction  in  which 
B  A  C,  the  complement  of  the  course,  he  is  walking  ;*  and,  consequently,  at  all 
iCArt.  5)  is  37®,  draw  therefore  the  line  times  to  preserve  whatever  direction  he 
A  C,  making  an  angle  of  37°  with  the  may  find  it  expedient  to  take ;  thus,  for 
line  A  B,  and  measure  B  C  with  the  instance,  it  will  enable  him  the  first  day 
same  scale  with  which  A  B  was  measured  to  travel  due  north,  for  the  purpose  of 
or  set  off;  and  B  C  will  be  found  to  be  making,  as  the  mariner  terms  it,  the 
about  six  miles  and  a  half,  and  A  C  the  eastern  point  of  the  lake,  the  bearing  of 
departure  to  be  about  eight  miles  and  which  we  have  supposed  him  to  know 
three  quarters.  The  line  B  C  is  called  before  he  sets  out.  With  respect  to  the 
the  difference  of  latitvtde ;  and  the  four  distances  travelled,  these  may  be  dis- 
parts or  elements  of  the  triangle  ABC,  covered  as  follows :  take  a  long  string 
which  are  of  importance  in  navigation,  so  divided  into  equal  parts  that  each 
are  the  three  sides  A  B,  B  C,  and  A  C,  part  shall  be  the  120th  part  of  a  nauti- 
and  the  angle  ABC,  which  represent  cal  mile,  and  to  the  end  of  the  string  at- 
the  nautical  distance,  difference  of  lati-  tach  a  piece  of  lead.  Now  as  a  mmute 
tude,  departure,  and  course :  if  any  two  is  A  of  an  hour,  half  a  minute  is  ^iv  of 
of  these  be  given,  the  other  two  may  be  an  hour ;  or  half  a  minute  is  the  same 
found  by  construction ;  and,  as  we  shall  part  of  an  hour,  that  the  divisions  on  the 
see  hereafter,  by  inaction  or  calcula-  string  are  parts  of  a  mile.  Let  pieces  of 
iion.*  The  line  A  C,  or  departure,  re-  cloth  l)e  tied  round  the  string  to  mark 
presents  the  amount  of  distance  made  the  divisions ;  the  first  piece  of  clotli  at 
good  towards  the  west.  the  distance  of  about  30  feet  fi-om  tlie 

Example  II  ^®*^  >    *^®  ^"*  ^^  ^®®*  ^^  **^^"^  ^' 

(14.)  We  proceed  to  'the  traverse  ^ff.^  the  *^ayUne.    Let  the  toivelto 

drawn  in/^.  2.  This  case,  we  shall  pre-  f^  ^^^  ^^^  of  every  h<>7^tj?^^  down 

sently  p^eive,  is,  in  effect,  notfiing  J^^  lead  on  the  jmmnd  and  walk  on, 

more"^  than  two  solutions  of  the  sami  «*^."^g  J^^  1«^.  ^^^fo.w '  f^f  ^n 

question  that  was  proposed  in  exam-  l^^*"?   *^\  l^'ll^S*^  h!  ,«,!ll-  *  il? 

pie  I,  and  a  solution  of  one,  in  which  ?^^  through  his  hand  f  ^^^  wdks  ;  M 

the  course  is  the  element  of  the  triangle  »^\°»  °\f  ^  5^1^^„^L^l^.^°l??!J!*':ff  ^ 
sought  after.    The  bearing  of  " 

lage  B  from  the  house  A,  (see  nn,  u  i  ,    ,-       ".     .^a.^^  ♦*>«♦  4.:«,o  i*»f  !.;«* 

aid  12,)  or  the  direct  course  from  the  ^f  ^^/,*  "l^^^*'' ^??J« !*  uTJI  ^T. 


latter 

the  course 


^e  element  of  the  triangle  «™  """  ««""»«  °if  „ui;""MhI  PnH 

The  bcarinir  of  the  vil-  ^^^^  ^^  *"*  P**''*  °^  "°^?  **  .     *"1 

^housH!  (si  Art.  11  «J  the  stray  Knep«ses  and  at  the  end 

to  the  former,  is  N  45°  W;  with  l^%  *«  rt'  ^^t^l  «f  S;i°««^ 

.»  vourse  N  45°  W  and  the  nautical  ^'f'  ^^  ,"»«  ?TJ1V„  JZ  T 

dUtance  A  B  =  60.  we  shall  find  by  the  "»"»  P!?*\"^**'?'l^„  ^^^f.Wh 

mode  of  proceeding  adopted  in  the  last  t^^"  '"\*''?l!i".1^  iKp^H?  r^irl 

example  I C  =  to  tbout  424  nules,  and  »*  *««'«>  »'  *^«  "'"y  ^«I   hpT« 

B  C  =  42i  mUes.  for  in  tSs  case  the  ""*   *^  ""^"^^L  w  h^,!r  ^„  tS 

departure  equals  the  difference  of  lati-  walked  during  ihe  1"*  how.  »" Jhe 

tude.   So  that  our  traveller  on  starting  suppos»tion  that  he  .l«f^  "Iw^s  ^fj^ed 


i^lliTe  qlllnthy  of  .^/  ;^  oH;?^^^^  ^  T""^; ')?  ±f;,*l!,„^5Jks  during 

Having  ascertained  this^fact  b4re  he  «?«  *;r^*he  'trmg  «  mnmng  thr^^^^ 

?S^±:%'?*""°^  proceed  had  he  ?J„e' p^l  o^a^miKrhalfTM 

S^rin°'w^crKg.t^^r  ro  »  of  aS  hour ;  and  .    ^Part  of  a  m^ 

travel,  and  of  measuring  thi  distance  he  ?'  °"« "^'^«°"  "/ *!,h  ^?„!  Z^ 

walks;  therefore  the  mode  of  effecting  "Ifi' °^  ^f  JjTl  ^L  ?hP^«i^o  ?IS 

these  two  objects  must  be  next  ex"  "S^??'?^  "L^^'i^^,^  iJStim« 

plained.    He  can  determine  his  course.  ?£  f  jng. h"  ^  PISrh«  l^nZT 

or  thp  antrlo  hi.  tnwb  mukp.  with  pv«4  *at  division,  or  a  mUe.  has  been  per- 

or  tne  angle  his  track  makes,  wim  ev^  formed  in  120  times  half  a  minute,  or 

mendian  he  crosses,  either  by  the  ha-  ^^^J!  J^Vat  if  the  distance  be- 

venly  bodiM,  ot  by  a  compass ;  a  de-  JJeg^SL  hwid  and^cloth  at  the  end  o* 

fcnption  of  which  instrument  will  be  jui-v-!.  It  «.,«/!;«;•;««  «i.a  »<><»>  i. 

«v^  in  Chapter  III.  of  the  Second  Part,  the  stray  line  is  one  division,  the  pace  is 

Xtw  compass  will  enable  him  to  ascer-  .  w.  m.k.  no  mratioo  in  ih.  t«t  of  tk«  Mn.. 

..  dm  or  *.i.tt««  o(  th«  compm  from  Ik.  tm.  w^ht 

•B)rMlMMlM,BC36.6I,uaAC  3.8.711  tU«wiUI>«explsiacdlwr«^t<^ 
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toUf,  and  the  eonstructioii  of  vrhich    only  one  mQedistuit  from  the  place  &qqi 

will  be  sufficiently  explained   by  that    whence  she  sailed ;  that  is,  she  will  be 

"'"'"'"  '         '"'  found  one  mile  to  the  west  of  that  place    - 

at  the  end  of  the  traverse,  for  the  total 
amount  of  westings  exceeds  the  eastings 
by  one  mile.  This  b  called  resolving  a 
traoerte. 

(IB.)  We  shall  conclude  the  subject 
of  traverses  by  observing,  that  whea 
several  different  courses  are  steered 
during  the  day,  the  total  distance  on 
each  course  must  appear  in  the  traverse 
<  1 5.)  If  there  had  happened  to  have  table  for  that  day,  and  in  a  line  vtith  it, 
been  southing  during  these  three  days,  the  difference  of  latitude  and  departure 
we  should  have  subtracted  it  from  the  due  to  that  distance  and  course.  In  ex- 
northing:  the  same  remark  applies  to  ample  II.  it  was  our  object  as  much  as. 
the  Departure  column,  in  case  there  possible  to  preserve  an  analogy  between 
had  tjeen  easting :  for  our  object  was  to  the  two  cases  of  travelling  «n  land  and 
ascertain  the  total  quantity  of  difference  water;  but  we  preferred  for  obvious  rea- 
of  latitude  and  departure  made  good  in  sons  illustrating  the  subject  of  traversei 
the  first  three  days,  for  the  purpose  of  by  an  example  of  a  journey  on  land 
discovering  how  much  of  eacn  remained  instead  of  a  voyage  at  sea, 
to  be  accomplished,  and  thus  we  found 
Bcandcfi."  CHAPraa  III, 

(16.)  Onaccount  of  thegreat  useof    „■     „,        „,     ,      „■>  .  c.  -.. 

right  angled  triangles  in  solving  pro-     ^**  ^^  Chart.— PUotage.—Saikrtg 
bleras  in  navigation,  tables  halfefieen  '"  Ttde»  and  CurrenU. 

calculated  called  Traverse  Tablet,  or  (190  I^b  plane  chartis  a  represents- 
Difference  of  Latitude  and  Departure  tion  of.  a  small  portion  of  toe  earth's' 
ToMes,  which  give  the  value  of  the  surface  on  a  large  scale.  In  order  to 
perpendicularancl  baseof  aright  angled  construct  a  chart  of  this  description, 
triangle  to  every  angle  of  an  Integra]  we  must  ascertain  the  bearings  of  the 
number  of  degrees,  whfch  the  hypote-  objects  there  represented  from  each 
nuse  can  form  with  them,  and  to  every  other;  thismaybedoneby  surveying th« 
hypotenuse  from  1  to  300.  Solving  spaceincludedwilhinthechart ;  wetheit. 
nght  angled  triangles  by  these  tables  is  lay  down  the  objects  on  the  chart  sc* . 
called  solving  by  inspection.  cordingtolheir several  aacatainedbear- 

(17.)Thesameprincipleswil]ofcourse    ings.   Tigure  2,  for  initance,  may  be 
— '7,  whether  we  suppose  the  traverse    considered  oi    a   chart  of  the    aur- 


been  performed  on  land,  or  by  a     face  of  a  plain,  in  which  the  poailicin'ef 


apply, 

tohav*     __.      ^_  ,.._     ^ 

ship  at  sea.    Thus,travcrse  sailing,  or  in  a  village,  house,  and  lake  are  laid  down 

other  words,  resolving  cases  of  sailing  in  accordmg    to    tiieir    several    bearings, 

which  a  traverse  is  performed,  consists  Such   a  chart  it  will   be  readily   Bean 

simply  in  finding  out  by  the  solution  of  would  have  been  of  great  service  to  the 

two  or  more  right  angled  triangles,  the  traveller   in  the  example;   as  by  it  be 

total  amount   of  difl^rence  of  latitude  could     have     ascertained     the    course 

anddepattureactuallymadegoudduring  he  ought  to  have  taken  on  ^achday, 

the  traverse ;   bearing  it  in  mind,  that  without  the  trouble   of  going   through 

opposite    courses  destroy  each  other,  the  process  we  have  described ;  aud  if 

and  therefore   in   these  cases  the  less  there  had  been  drawn  thereon  a  scale 

quantity  must  be  subtracted  from  the  on  which  the  length  of  a  mile   in   the 

greater  :  for  instance,   suppose   that  a  charthadbeenexKibited,he  couldthere- 

sliip  during  a  traverse  of  eight  days,  by  have  meaaured  all  the  distances.     \ 

which  she  is  compelled  to  make  by  foul  scale  is  therefore  generally  drawn  on  % 

winds,  sails  239  miles  E,   240^,  230  mapofthis  description, anidalsoafigure 

N,  and  230  S  ;   it  is  manifest,  that  the  of  a  compass,   for  the  purpose  of  ma- 

two  last  distances,  being  equal  and  in  a  bling  the   mariner  (he  more   easily  to 

contrary  direction,  destroy  each  othra-,  deteimine  the  relative  twaring  of  one 

■iidthattheshipaflers(uling939miles,is  spot  on  the  chart  from  another.    The 

—  -     - — -     - — —  meridian  lines,  or  meridians,  are  drawn 

tL\T%.^vT»'  =  K^^O=*T'^i"''^  P"?"*^  "2  ""^  another,  (Art.  12.) 
>4o««-.-  (20.)  These  plane  charts  nre  of  gn 


NAVIGATION. 


clear  of  all  <Ungers,  and  may  steer 
NNE  for  the  anchoraee  at  c."  The 
straight  lines  in  the  ngure  show  the 
mar4cs  that  are  to  be  usS  as  guides  in 
entering  the  bay,  and  the  marks  them- 
selves are  oallea  the  leading  marks, 

(22.)  Piloting  vessels  is  however  ren- 
dered in  many  cases  very  difficult,  by 
the  necessity  which  exists  of  taking  into 
account,  and  allowing  for  the  effects  of 
tides  and  currents.  These  effects  may 
be  shown  by  supposing  A  B  D  C  (  /[gr.  4) 

Fig.  4. 


^. 


to  be  a  trough  containing  water ;  let  a 
light  body  b  float  on  the  surface  of  the 
water  along  the  line  A  C,  whilst  the 
trough  itself  is  being  carried  in  the  di- 
rection A  B  B',  or  C  D  D' :  at  the  same 
instant  of  time  at  which  the  trough 
takes  up  the  new  position  A'  B'  IX  C', 
let  the  body  b  arrive  at  the  noint  C  : 
now  the  pomt  C  is  transferred  to  C, 
and  at  tnat  point  will  the  body  b  be 
found  at  this  time.  This  is  exactly 
what  happen^  in  the  case  of  a  ship 
acted  on  by  a  current  or  tide ;  whilst 
the  ship  performs  any  particular  course, 
due  west  for  instance  as  in  the  figure, 
the  current  compels  her  to  peiform 
another  course  in  the  direction  of  its 
set,*  and  a  distance  proportional  to  its 
velocity ;  this  new  course  and  distance  are 
entered  in  the  traverse  table,  and  taken 
into  account,  as  if  the  ship  had  made  them 
without  the  assistance  of  the  current : — 
it  amounts  to  the  same  thing  in  prac- 
tice ;  for  as  the  whole  surface  of  water 
A  B  D  C  b  supposed  to  move  in  the 
direction  A  B  B ,  the  same  quantity  of 
difference  of  latitude  and  departure  is 
made  good  in  that  manner,  as  if  the 
ship  b  after  its  arrival  at  C  had  sailed 
directly  from  C  to  D,  and  the  water 
had  remained  stationary  ;  in  both  cases 
C  a  will  represent  the  difference  of 
latitude  made,  and  a  D  the  departure. 

Chapter  IV. 

On  Tides  and  Winds. 

(23.)    The  alternate  rise  and  fall  of 

*  Tha  direction  of  a  carrent  is  called  ita  tet  ;  % 
carrent  that  flows  toward*  the  NNW  quartet  is  said 
tp  jet  NNW;  tk#  relocitj  of  a  current  is  called  its 
drift. 


the  waters  of  the  ocean,  call^  tides» 
is  produced  by  the  attractive  forces 
of  the  sun  and  moon:  now,. as  Uiose 
attractive  forces  vary  invenidy  as  the 
square  of  the  distances  of  the  bodies  at- 
tracting from  the  bodies  attracted,  (that 
is,  become  less  in  the  same  proportion 
as  the  squares  of  those  distances 
become  greater,)  and  as  the  moon, 
though  much  smaller,  is  nearer  to  us 
than  the  sun,  her  effect  in  raising 
the  waters  is  ^ater  than  that  of 
the  sun,  which  is  comparatively  very 
small.  The  earth  by  its  diurnal  mo- 
tion round  its  axis  irom  west  to  east 
(see  Art.  62)  causes  an  apparent 
daily  revolution  of  the  moon  round 
the  earth  in  a  contrary  direction. 
The  waters  of  the  sea  follow  the  moon 
in  this  her  api)arent  course,  so  far 
as  the  irregularities  of  the  land  and 
shores  will  admit  of.  It.  might  l>e  sup- 
posed, therefore,  that  under  these  cu*- 
cumstances  it  must  be  always  high 
water  at  anyplace  when  the  moon  is 
over  it :  but  this  is  not  the  case,  for 
when  the  waters  have  once  begun  to  rise 
they  will  continue  to  rise  after  the 
cause  which  influences  them  has  pro- 
duced its  maximum  effect,  for  it  does 
not  then  cease  to  act  entirely.  High 
water,  therefore,  is  observed  to  happen 
about  three  hours  after  the  moon  nas 
passed  any  place,  or,  as  it  is  called, 
passed  the  meridian  of  that  place. 

The  moon  produces  two  tides  of  high 
water  at  the  same  time,  one  at  places  on 
the  earth*s  surface  nearest  to  her,  and 
another  at  those  on  the  opposite  side  of 
the  globe,  which  are  the  most  removed 
from  her :  for  she  attracts  the  centre  of 
the  eajlh  more  than  the  sea  on  that 
opposite  side,  as  bein^  nearer  to  her, 
the  efitect  of  which  is  to  draw  that 
centre  away  from  the  sea,  and  as  the 
sea  is  left  behind,  it  appears  to  rise. 
When  the  sun  and  moon  are  together, 
as  at  new  moon,  they  combine  their 
forces  in  causing  the  tides,  and  make 
spring  tides ;  and  the  same  thing  hap- 
pens at  full  moon  when  the  moon  is 
opposite  to  the  sun;  but  when  the 
moon  is  in  quadratures,  or  half-way  be- 
tween the  change  and  fiill  and  full  and 
change,  the  whole  action  of  the  sun  in 
causing  tides  is  directly  opposed  to  that 
of  the  moon,  and  this  produces  neap 
tides. 

We  have  seen  that  there  is  high  water 
at  two  spots  on  the  surface  of  the  earth, 
immediately  opposite  to  each  other,  at 
tiie  sa,me  mst^t  pf  time;  an4  thei:^ 
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win  be  low  water  predseljr  at  the  same  PART  II. 

time,  at  all  places  which  are  90°  distant  Chapter  I. 

sun  sometimes  accelerates,  and  some-  ijogantnms. 
times  retards,  the  tides  produced  by  (25.)  We  have  seen,  that  the  various 
the  moon.  The  time  of  high  water  at  lines,  the  ma^itudes  of  which  were  tbe 
any  particular  place  is  much  affected  subjects  of  investigation  iii  the  first 
by  local  circumstances ;  but,  having  Part,  constituted  the  sides  of  triangles, 
ascertained  the  time  of  high  water  at  that  supposed  to  be  drawn  upon  a  plane  smr- 
place,  at  the  ftdl  and  chan^  of  the  face.  When  we  proceed  to  take  into 
moon,*  we  are  enabled  to  find  it  at  any  consideration  the  globular  or  round 
other  time,  supposing  the  lonntude  of  figure  of  the  earth,  it  will  not  be  neces- 
the  place  known,  by  means  of  me  iVoti-  sary  on  that  account  to  make  any  altera- 
ticol  Almanac,  and  a  table  calculated  tion  in  our  hypothesis,  with  respect  to 
for  the  purpose.  the  nature  of  the  lines,  the  values  of  which 
(24.)  In  a  belt  extending  about  30°  it  is  necessary  to  ascertain ;  for  the 
on  each  side  of  the  equator,  the  wind  is  magnitude  of  the  curved  lines,  which 
observed  to  blow  all  the  year  round  from  a  vessel  makes  in  traversing  the  roimd 
nearly  the  same  quarter  of  the  heavens:  surface  of  our  globe,  is  calculated  in 
to  the  north  of  the  equator  it  blows  practice,  through  the  me^um  of  cer- 
nearly  from  the  NE  quarter,  and  to  the  tain  imaginary  straight  lines,  whidi 
south  of  the  equator  from  the  SE  are  prov^to  be  either  equal  to  such 
quarter.  These  winds,  from  the  great  curved  lines,  or  to  have  a  Imown  re- 
assistance  which  they  afford  to  com-  lation  to  them ;  such  imaginary  lines 
merce,  are  called  the  NE  and  SE  trade  form  the  sides  of  plane*  triangles,  and 
winds.  When  ships  are  bound  from  present  no  greater  difficulties  to  the  cal- 
Europe  to  the  West  Indies,  or  to  any  culator,  than  the  lines,  the  values  of 
part  of  North  America,  south  of  the  which  have  been  hitherto  obtain^  by 
parallel  of  about  38^,  they  seek  the  aid  the  method  of  construction, 
of  these  winds,  but  when  they  return,  (26.)  In  this  our  second  Part,  those 
they  keep  away  to  the  northward  for  the  imaginary  lines  will  be  invented,  and  the 
purpose  of  avoiding  them.  In  December  triangles  resolved ,  which  they  constitute, 
the  NE  trade  is  found  to  the  south  of  It  is  clear,  therefore,  that  the  particular 
the  line,  and  on  the  other  hand  in  branch  of  mathematical  science,  which 
June,  the  SE  trade  makes  its  appear-  professes  to  teach  the  proportions  and 
ance  to  the  north  of  the  line ;  but  the  rules,  derived  from  tJie  relation  which 
SK  trade  is  at  other  seasons  of  the  year  subsists  between  the  sides  and  angles 
often  found  as  far  to  the  north  of  the  of  triangles,  must  be  of  primary  import- 
line  as  the  second  degree  of  north  lati-  ance  in  our  present  inquiries.  The  name 
tude.  The  space  between  the  second  and  of  that  branch  is  Trigonometry ^f  and 
fifth  degrees  of  north  latitude,  is -the  in-  it  forms  the  subject  of  the  first  chapter. 
ward  boundary  of  these  winds ;  in  this  (27.)  Every  triangle  having  six  parts, 
space,storms,  sudden  squalls,and  violent  the  thi'ee  sides,  and  the  three  an^es, 
rains,  are  of  frequent  occurrence ;  but  (Art.  3,)  one  of  the  principal  objects  of 
here  likewise  the  wind  often  blows  from  the  science  of  trigonometry  is  to  dis- 
the  eastward,  and  also  from  the  SW.  cover  rules,  by  which,  if  some  of  those 
There  are  periodical  winds,  which  blow  parts  be  given  the  others  can  be  found 
half  the  year  in  one  direction,  and  — Rules  tiave  accordingly  been  disco^ 
half  the  year  in  the  opposite  direction,  vered,  by  which,  if  any  three  of  those 
these  are  called  monsoons  :  they  are  parts  be  given,  a  side  being  always  one, 
found  in  the  Bay  of  Bensral,  the  Arabian  the  other  three  can  be  found.  In  right 
Sea,  the  Mozambique  Channel,  on  the  angled  triangles,  as  the  right  angle  is 
coasts  of  Sumatra  and  Java,  along  the  alyvays  given,  if  any  two  of  the  remaiiK 
coast  of  China,  and  off  the  western  coast  ins;  parts  be  given,  a  side  being  one,  the 
of  New  Holland.  October  and  April  rest  can  be  found. 
ai*e  the  two  months,  in  which  the  change 

in   the    direction    of  these  winds  usually  *  ^  P-^"^  trianj^le  ii>  one  who&e  sidci  ar*  »tnigkt 

tolrpu  n1a/>o  lines;  and  the  terra  is  used  in  contradistinction  to  a 

iiikl;>  piace. ^^ spfirrUanu&n^le,  the  sides  of  w hii-h  ari*  formed  by 

-— —         —                 .  . ,    ^  .    .     ' ;:  portions  of  the  circlea  of  a  kphere.     Thi«  will  be  ex- 

•  It  IS  on  this  account  that,  in  books  of  voyages,  plained  hereafter, 

tbe  time  of  high  water  at  different  places  at  the  fuU  t  From  two  Orcck  words,  siffnifybtf  At 

and  change  of  the  moon  »»fO  often  to  bcnwt  with.     -  c/trianglet                                      J^s  u^' 
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(38.)  It  qipenn  from  utide  1,  that 
whatero'  number  of  arcs  may  be  de- 
Bcribed  and  intercepted  between  the 
lines  contaiiiing  ui^  an^e,  (which  are 
called  its  legs  or  sides,)  they  contain 
an  equal  number  of  diTJsions  or  de- 
grees, 8tc.  If  the  arc  is  large,  the  divi- 
sions  are  of  course  proportionally  lar^, 
as  the  number  of  such  divisions  is  the 
same  in  all  circles  ;  and  it  is  found  in 
fact,  that  the  size  of  any  divisian  ^is  in 
exact  proportion  to  the  radius*  of  the 


circle,  or  to  the  length  of  a  string  with 
which  ererf  circle  may  Iw  coDoeiTed  to 
be  described.  This  truth  is  expressed 
teehnkaHif,  by  saying,  the  drcumfer- 
ateet  of  eirclin,  and  corretponding 
partt  of  them,  vary  ai  their  radii. 

(29.)  Certain  relations  subsist  between 
the'  sides  and  angles  of  all  triangles ; 
and  they  are  determined  through  tha 
medium  of  circles  and  rieht  angled  bri- 
an^es.  Conatruet/'g'.  ft,  by  drawing  the 
thm  circles  having  the  same  centra  Ci 


and  theii  diameters  at  right  angles  to 
each  other,  as  there  represented  \  draw 
the  Une  C  M  M'  M",  and  from  the  points 
M,  M'.  M"  draw  the  lines  M  F,  M'  F, 
M"  Y"  perpendiculars  to  the  diameter 


De  equianfnttar,  that  is,  will  have  all  the 
aCLgles  of  Uie  one  equal  to  all  the  angles 
of  the  other,  each  to  each ;  for  the  right 
angle  in  everyone  is  of  omirse  equal  tolhe 
right  angles  in  the  others,  and  tiie  angle 
at  C  forms  the  angle  at  the  base  to  every 
one  of  the  three  triangles,  that  is,  it  is 
common  to  all  tlie  three ;  and  as  all  the 
angles  of  a  plane  triangle  are  together 
equal  to  two  right  angles  (Art.  S)  the 
remaining  or  third  angle  must  be  equal 
m  all  the  triangles ;  forlliat  angle  is  the 
complement  (Art.  5)  of  the  angle  at  C 
in  each  of  the  triangles.  Now  all  plane 
triangles  which  are  equiangular,  nave 
thesides  which  contain  the  corresponding 
equal  angles  proportional ;  that  is,  the 
■ides  wluch  contain  the  right  angle  in 


■•FrsBttitLitiii 


l«.  (thi  phiril  of  wbii 
pAt  oFitwkedj  Oui 
to  «s«  HMtlieT, 


each  are  proportional  to  the  sides  con- 
taining the  right  angles  in  the  otheni 
and  the  same  is  true  of  the  other  anriea  ;* 
hence  CM:  MP  ::  C  M':  MT,  C  M: 
MP::  CM'';M"F',  and  CM':M'F 
: :  C  M" :  M"  F",  and  the  same  is  true 
of  lines  similarly  drawn  in  any  number 
of  circles ;  but  the  lines  C  M,  C  M',  and 
C  M",  are  radii  (see  Art.  28)  of  the  re- 
spective circles,  and  the  lines  M  F, 
M'  F,  and  M"  F"  are  called  the  tinetf  of 
the  angle  at  C  ;  the  line  M  F  is  called 
the  sine  of  the  angle  at  C  to  radius  C  U, 
M'  F  the  sine  of  the  same  angle  to 
radius  C  M',  and  M"  F'  the  sine  of  the 
same  angle  to  radius  C  M" ;  also  the 


orCM:CF::CM':CF:CM":CF'; 

ImlniiiE  comapondJiilr  fpil  <n([1(!>propoilkiii«l,  x\t 
nnM  nilio.  r*t  profonlioti  'rrfrrrri  to  i»  (*ii  Mtff 
biblj  rionTSr  Lwin  word  ».»i.  whieli'  ii  iteff  • 


*« 
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now  the  lines  CF»  CF,  and  C¥^ 
are  tenned  the  conned  of  the  anii^e  at  C 
to  the  three  radii  C  M,  C  M',  and  C  M'' ; 
so  that  the  sine  of  any  angle  may  be  de- 
fined to  be,  a  line  drawn  from  one  ex- 
tremity of  the  arc  on  which  the  angle 
stands,  perpendicular  to  a  diameter  of 
ti^  circle  to  which  the  arc  belongs, 
passing  through  the  other  extremity  of 
the  arc ;  and  the  cosine  of  an  angle  to 
be  that  part  of  the  same  diameter  which 
is  intercepted  between  the  sine  and  the 
centre  of  the  circle:  the  proportions 
before  stated  may  now  be  more  techni- 
cally expressed  as  follows,  radius  (CM): 
the  sine  or  cosine  of  any  angle  (M  F  or 
C  F)  to  radius  CM::  any  other  radius 
(C  M')  :  the  sine  or  cosine  of  the  same 
'  angle  (M'  For  C  F)  to  that  other  radius 
C  M'.  So  that  if  we  could  only  know  the 
value  of  one  sine  or  cosine  of  a  certain 
number  of  angles,  and  the  radius  to 
which  these  sines  or  cosines  were  cal- 
culated, we  should  then  have  two  terms 
in  a  proportion,  or  rule  of  three  sum,  and 
then,  having  a  third,  we  should  be  able, 
without  difficulty,  to  find  the  fourth  term. 
Now,  in  fact,  we  do  know  the  values  of 
one  radius  and  one  sine  and  cosine  to 
every  second  in  the  circle;  we  have 
tables  calculated  which  give  the  pro- 
portional value  of  tlie  sine  and  cosine  of 
each  angle  to  an  assumed  radius ;  and 
therefore  when  we  wish  to  know  the 
value  of  any  other  sine  or  cosine,  the 
only  other  thing  requisite  to  be  known 
besides  the  anp^le  itself,  is  the  value  of 
the  radius,  to  which  this  latter  sine  or  co- 
sine is  referred ;  and  on  the  other  hand, 
if  we  wish  to  know  the  value  of  a  new 
radius,  we  must  know  the  value  of  a 
sine  or  cosine  to  that  radius.  To  il- 
lustrate this,  suppose  the  angle  at 
C  =  43°,  and  the  line  C  M  or  radius 
=  in  value  to  the  radius  in  the  tables, 
or  unity ;  now  as  the  tables  give  the  value 
of  the  sine  of  an)^  angle  to  the  radius 
C  M  (  =  1 ),  if  we  wish  to  know  the  length 
of  the  line  M'F,  and  we  know  the 
length  of  the  line  C  M'  (suppose  C  M'  = 
2)  we  can  immediately  find  the  line  M'  F 
by  the  following  proportion,  C  M  (1): 
tabular  sine  of  43°  (=  0,G82)  :  :  CM' 
(2) :  the  answer  =  1,364. 

(30.)  We  are  also  enabled  in  the 
same  manner  to  ascertain  the  values 
of  certain  other  lines  which  we  shall 
now  proceed  to  define.  The  tangent 
of  an  angle  or  arc*  is  a  line  drawn 

•  The  lines  M  F,  C  F,  M'  F'.  C  F',  &c.  are  called 
lines  and  coi^ines  to  the  arc»,  as  well  as  tg  tjje  anjle 
which  the  arcs  measure. 


from  that  extremity  of '  the  arc  through 
which  the  diameter  of  the  drde  passes, 
Cwhich  extremity  is  called  the  DC|^- 
ning  of  the  arc,)  perpendicular  to  that 
diameter,  touching  the  circle  but  not 
cutting  it,*  and  terminated  by  the  ra- 
dius of  the  circle  produced,  and  passing 
throv^  the  other  extremity  of  tne  arc : 
the  r^us  thus  produced  until  it  meets 
the  tangent,  is  called  the  secant  of  the 
angle  or  arc,  from  the  Latin  word 
secans  which  signifies  cutting;  thus, in 
/fg,  6,  A  T  is  the  tangent  of  the  arc  A  M 


and  angle  A  C  M,  C  T  the  secant,  MF 
the  sine,  and  C  F  the  cosine ;  also  the 
difference  between  any  arc  and  90°  is 
called  the  complement  of  that  arc  ;  and 
the  difference  between  any  arc  or  angle 
and  180°,  is  called  the  supplement  of 
that  arc  or  angle ;  thus  in  Jig.  6,  a  M 
and  the  angle  a  C  M  are  the  comple- 
ments of  the  arc  MA  and  the  angle 
MCA,  and  D  M  and  D  C  M  are  & 
supplements  of  the  same  arc  and  angle. 
Now  it  is  easily  demonstratedt  (see  note 
Art.  14)  that  (5  F  the  cosine  of  the  angle 
M  C  A  =  /M  the  sine  of  the  angle 
a  C  M,  and  that  M  F  the  sine  of  Uie 
angle  M  C  A=/  C  the  cosine  of  the  angle 
a  C  M  ;  that  is,  the  cosine  of  any  arc 
or  angle  equals  the  sine  of  its  comple- 
ment, and  the  sine  of  any  arc  or  angle 
equals  the  cosine  of  its  complement; 
and  the  lines  C  F,  a  /  and  C  t  derive  the 
names  of  cosine,  cotangent,  and  cose- 
cant, from  the  circumstance  that  they 
respectively  represent  the  sine,  tangent, 
and  secant,  of  the  complement  of  the 
arc  or  angle  named ;  thus  the  hne  C  *  is 
called  the  cosecant  of  MCA,  or  the 
secant  of  its  complement  M  C3  a ;  and 
the  hne  a  /  is  the  cotangent  of  the  ande 
MCA,  or  the  tangent  of  its  coi^e- 
ment. 


•  From  this  circomsliiDce  the  line  derives  its  1 

it  being  called  tangent  from  the  Latin  word  fosMl* 
which  signifiesi  touching. 

t  Simaon's  Kuclid,  l)ook  1.  prop.  S8  aad  3^ 
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The  terms  We  have  used  are  abbrevi- 
ated as  follows : 

For  sine  of  AM,  or  AC M,  write 
sin.  AM,  or  sin.  ACM,  and  in  the 
same  manner,  for 

Cosine       write    Cos. 

Tangent    ....    Tan. 

Cotuigent  .  .  .    Cot 

Secant Sec. 

Cosecant  ....    Cosec. 

Kadius Rad^ 

(3 1 .)  Now,  as  the  triangles  PCM  and 
ACT  are  similar,  we  have  the  propor- 
tion C  F  :  C  M  : :  C  A  :  CT,  or  cos. : 
rad.  : :  rad.  :  sec.:  and  by  similar  tri- 
angles o  C  /,  M  C  F,  Ct  :  o  C  : :  C  M  : 
F  M,  or  cosec.  :  rad.  : :  rad. :  sin.  Also 
(Art.  29  and  30)  tabular  rad. :  tab.  sin. 
cos.  tan.  or  sec. : :  new  or  given  rad. :  sin. 
cos.  tan.  or  sec.  to  the  new  or  given  rad., 
or  sin.  cos.  tan.  or  sec.  to  new  or  given 

rad.  —    ^^^'    ^^"'    ^^'  ^   "^^  •  • 

tab.  rad.  ' 

and  if  the  tab.  rad.  =  1 ,  the  sin.  cos.  &c. 

to  the  BAw  rad.  =  tab.  sin.  &c.   x   new 

rad.     So  that  if  any  three  parts  of  the 

right  an^  triangles  C  F  M  and  C  A  T 

are  given,  a  side  being  always  one,  the 

other  three  may  be  found. 

(32.)  There  are  two  kinds  of  trigono- 
metric^ tables,  the  first  kind  contains 
the  sines,  cosines,  &c.  of  angks,  calcu- 
lated to  the  radius  unity.  The  sines, 
cosines,  tangents,  and  secants  in  these 
tables  to  n^ius  1,  are  called  natural, 
to  (tistinguish  them  from  those  con- 
tained in  the  second  description  of 
trigonometrical  tables,  which  are  called 
artifteial  or  logariihmic.f 

(33.)  The  artificial  or  logarithmic 
sines,  &c.  are  far  more  frequently 
used  than  the  natvu^l ;  for,  by  a  pecu- 
liar artifice,  they  are  so  constructed, 
that  in  all  cases  in  which,  were  it  not 
for  this  invention,  it  would  be  neces- 
sary to  multiply  natural  sines,  &c.  by 
cacn  other,  we  need  only  add  the 
logarithmic  sines,  &c. ;  and,  in  cases 
in  which  we  should  be  compelled  to 
divide  a  natural  sine  or  cosine,  &c.  by 
another,  we  need  only  subtract  the  loga- 
rithmic sine,  &c.  which  represents  the 
divisor  from  the  logarithmic  sine,  &c.  a 
which  represents  the  dividend;  this 
contrivance,  it  will  readily  be  seen,  must 
often  save  much  time  and  labour.  There 
are  also  logarithms  of  numbers  of  the 

*  The  prodnct  of  the  second  and  third  term* 
dirided  bj  the  fir^t.  See  the  Treatise  on  Algebra, 
(Art.  1S7  and  ljt8.) 

t  From  two  Greek  words,  lo^s  and  on'Mwof, 
which  KgmSj  the  number  of  ratios  or  proportio»$t 
or  the  namber  showing  the  proportion. 


same  construction,  and  presenting  the 
same  facilities  to  the  computer.  This 
word  logarithm  in  calculations  is  ^Iwajrs 
abrid^d  by  writing  log, ;  and  the  loga- 
rithmic sine  of  the  arc  A  M  is  written, 
lo^.  sin.  A  M. 

We  shall  hereafter  have  occasion  to 
employ  these  logarithms,  and  to  illus* 
trate  their  use  and  nature  by  examples. 

The  radius  of  the  logarithmic  tables 
is  10,000,000.000 ;  our  equation  in  Art. 
31 ,  when  used  with  these  tables,  becomes 
log.  new  sin.,  &c.  =  log.  tab.  sin.,  &c.  + 
log.  new  rad. — log.  tab.  rad.  TTie  lojza- 
rithm  of  the  radius  in  the  artificial  tables 
is  10. 

(34.)  There  are  also  proportions,  by 
means  of  which,  when  any  three  parts 
of  an  oblique  angled  plane  triangle  are 
given  (except  the  three  angles)  the  other 
three  may  be  found.  In  the  case  of 
spherical  triangles  also,  both  right 
angled  and  oblique  angled, there  are  pro- 
portions which  enable  us,  three  parts 
Deing  ^ven,  to  determine  the  other  three : 
and  with  respect  to  spherical  triangles 
there  is  this  peculiarity,  that  even  where 
the  three  angles  only  are  given,  the  other 
parts,  r/z.  the  three  sides,  may  l>e  found* 
and  the  whole  triangle  determined. 

(35.)  A  sphere  is  a  solid  shaped  like 
a  ball,  or,  to  use  the  language  of  science, 
bounded  by  a  curve  surface  of  such  a 
nature,  that  every  point  thereon  is  si- 
tuated at  an  equal  distance  from  a  point 
within  the  solid  called  the  centre.  A 
grecU  circle  of  a  sphere  is  that  whose 
plane  passes  through  the  centre  of  the 
sphere ;  it  divides  ^e  sphere  into  two 
equal  parts,  and  has  the  same  centre  as 
the  sphere  itself.  In  fig,  7  the  circle 
A  £  B  C  D,  the  plane  of  which  passes 


<!«  KAYIOATION. 

tfarooffh   ihe  cdnire  F  of  the  spliera  Chiptib  IL  ' 

APCp.  i«  a  great  cirde;  PAo  md  ji^tiont.-LatiUuU  and  Lcmgikide 

PEp  we  respectively  halvei  of  great  «     _M„^tude  of  the  Ea^tlr^ 

Circles;   all  great  circles  of  the  same  ^             -^ 

sphere  are  equal.  The  plane  of  a  mudl  (36.)  Wk  shall  take  fg.  7  to  represeet 

circle,  does  not  pass  through  the  centre  the  globe  or  sphere  of  the  earth ;  •  the 

of  the  sphere.     In  fig.  7,  abed  repre-  small  circle  abed  is  supposed  to  be 

tents  such  a  cfacle.    A  spherical  triangle  parallel  to  the  great  circle  A  £  B  C  D» 

is  conceived  to  be  formed  on  the  surface  and  consequently  perpendicular  to  its 

of  some    sphere,    three    great    circles  secondaries ;  a  G-  c  and  AFC  are  diame- 

of  which  intersect  each  other  in  such  ters  of  those  circles,  and  the  point  e  is 

a  manner  that  their  arcs  enclose  on  a  point  in  which  the  small  circle  meets 

that  surfoce  a  triangular  space ;  thus  the  great  circle  P  E  jo. 

A  £  P  is  a  spherical  triangle.    If  a  dia-  (37.)  This  being  premised,  P  and  p 

meter  (k  a  sphere  (P  Fp)  be  drawn  per-  may  represent  the  north  and  south  poUi 

pendicular  to  the  plane  of  a  great  circle  of  the  earth,  the  great  cirde  A  £  B  C  D 

of  that  sphere  ( A  B  C  D),  the  two  ex-  will    then    represent   the    equator ^  or 

tremities  of  that  diameter  P  and  jp  are  equinoctial,  or,  as  it  is  called  by  set- 

called  the  fx>/0f  of  that  greatcirde.  Every  men,  the  line;  the  poles  of  which  are 

spherical  an^e  is  supposed  to  be  con-  the  poles  of  the  earth.    All  secondaries 

tained  between  the  arcs  of  great  circles ;  to  the  equator,  as  P  Ap  C,  P  E^  &c. 

and  the  angle  thus  formed  on  the  surface  are    called   meridians  ;    the    diameter 

of  the  sphere  is  equal  to  the  angle  con-  P  F  p  will   represent  the  ortV,  round 

tained  between  the  planes  of  the  great  whicn  the  earth  turns  evenr  24  hours ; 

circles  which  form  it ;  thus  the  spherical  and  all  small  circles,  as  a  o  c  d,  parallel 

angle  A  P  E  is  equal  to  the  plane  ansle  to  the  equator,  are  called  paralMe  of 

contained   between     the    semicircular  latitude. 

planes  PAp,  PEp,  at  their  intersec-  (38.)  Let  a,  b,  d,  e,f,  and  ^  be  six 

tion  P  f> ;  and  it  is  measured  by  the  arc  places  on  the  earth*s  smface ;  then  the 

A  E  01  the  great  circle  AE B  C D  inter-  meridian  P eE/p  passing  through  the 

cepted  between  these  two  planes,  the  places  a  and/,  isculed  themen£an  of 

poles  of  which  great  circle  are  the  two  those  places  ;  and  the  meridian  P  a  A  p 

extremities  P  and  p  of  that  diameter,  is  called  the  meridian  of  the  place  a,  and 

which  forms  the  common  intersection  of  of  all  other  places  situated  on  the  semi- 

the  two  planes.  circle  P  a  Ap ;  for  the  meridian  of  any 

A  great  circle  passing  through  the  place  is  the  secondary  to  the  equator 

poles  of  another  great  circle  is  called  a  which  passes  through  it ;  the  arc  of  that 

eecondary  to  it,  and  secondaries    are  secondary  intercepted  between  the  place 

perpendicular  to  the    great  circle    to  and  the  equator  is  called  the  latitude  of 

which  they  are  secondaries  ;  also  the  that  place ;  thus  the  arc  a  A  represents 

arcs    of   a  secondary  intercepted    be-  the  latitude  of  the  place  a,  the  arcs  e  E 

tween  the  poles  and  the  circumference  and/Ethelatitudesof  the  places  tf  and/, 

of  the  great  circle  to  which  it  is  secon-  If  the  place  is  situated  on  the  north  side 

dary,  are  all  quadrants,  or  contain  90°.  of  the  equator,  its  latitude  is  called  north 

Thus  the  great  circle  P  A  p  C,  passing  latitude ;  if  on  the  south  side,  its  latitude 

through  the  poles  P  and  p  of  the  great  is  called  south  latitude ;  thus  «  is  in 

circle  A  E  B  C  D  is  called  a  secondary  north  latitude,  and  /  is  in  south  lati- 

to  that  circle ;  and  the  arcs  P  A  and  P  C,  tude. 

p  A  and  p  C,  as  also  the  arcs  of  all  (39.)  Places  situated   on   the   same 

other  secondaries,  intercepted  between  parallel  of  latitude,  as  a  and  e,  liave  the 

the  poles  P  and  p,  and  the  circumfer-  same  latitude ;  for  the  arcs  of  seconds- 

ence  of  the  great  circle  A  B  C  D,  are  ries,   intercepted   between  their   great 

quaxlrants.*  circle  and  a  small  circle  parallel  to  it, 

or  between  two  smaU  .circles  paralld  to 
their  great  circle,  are  equaL 

•  The  above  i.  to  be  con>idered  merely  as  a  »bort  ,.  ^^^'^  Th^longitudeoi  Wiy  place  U  itS 

view  of  the  most  practical  and  elementary  part  of  CUStance     trOm    a    particular    menoiail, 

trigonometry.   The  subject  cannot  be  fully  treated  called  the  first  meridian,  measured  on 

tiniil  the  student  has  made  considerable  progress  both 

in  algebra  and  geometry.     We  refer  him  to  the  trea-  ~ 

tise  on  trigonometry,  whiofc  will  be  pubUshed  here-  •  The    earth    is  not  strictly  spherical,  bat   fof 

after.     In  a  Kubseqnent  part  of  the  algebra  the  man-  the  parposea  of  narigatioa   it  may    be  ao   ewn- 

nerof  constructing  logarithoiic  tables,  and  their  use,  dered.    (Se«  th»  Treatiae  oa  Matkencatieal  Oe»> 

will  be  fully  explained,  Sr^phy.) 
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the  arc  of  the  equator,  intercepted  be- 
tween the  first  meridian  and  the  meri- 
dian of  the  place;  suppose  PaApto 
be  the  particular  meridian  which  is 
called  the  first  meridian,  then  the  arc  of 
the  equator  A  E  will  represent  the  longi- 
tude of  the  places  e  and/;  for  it  follows 
from  the  above  definition,  that  all  places 
on  the  same  meridian  must  have  the 
same  longitude. 

(4 1 .)  If  the  meridian  passing  through 
the  Royal  Observatory  at  Greenwich,  be 
that  which  is  called  the  first  meridian* 
places  will  be  said  to  have  east  or  west 
longitude,  according  as  they  are  situated 
to  the  east  or  west  of  that  meridian ; 
thus,  e,f,  and  6,  have  all  east  longitude, 
but  a  place  don  the  opposite  side  of  the 
globe  nas  west  longitude. 

(42.)  The  arc  ef,  intercepted  between 
the  two  places  e,  /,  represents  their 
difference  of  latitude;  and  it  follows 
from  that  which  has  preceded,  that  the 
arc  of  any  meridian  or  secondary  to  the 
equator,  intercepted  between  the  paral- 
lels of  latitude  passing  through  any  two 
places,  will  represent  their  difference  of 
latitude,  (art  39 ;)  thus,  if  gr/be  part  of 
a  parallel  passing  through /and  g*g<^ 
will  also  represent  llie  difference  of  lati- 
tude l)etween  e  and  /,  and  between  g 
and  e,  and/ and  a. 

(43.)  The  difference  of  longitude  be- 
tween any  two  places  is  represented  l)y 
the  arc  of  the  equator,  intercepted  l)e- 
tween  the  meridians  passing  through  the 
two  places ;  which  arc  also  measures  the 
spherical  angle  at  the  poles  included 
between  the  two  meridians,  (Art  36  ;) 
thus,  the  arc  A  E,  or  the  spherical  angle 
APE,  represents  the  difference  of  lon- 
gitude between  the  places  e^and  e,  and  g 
and  e,  and /and  a. 

(44.)  The  magnitude  of  the  earth  is 
that  of  a  sphere  of  about  7916  English 
miles  in  diameter ;  and  a  sphere  which 
has  a  diameter  of  that  size,  must  be 
about  24869  English  miles  in  circum- 
ference. Now  the  great  circles  of  the 
earth  are  supposed  to  be  divided  into 
360^that  is,  mto  21600',  (Art.  1)  and  a 
geographical  or  nautical*  mile  i^  ^  of  a 
degree  of  a  great  circle  of  the  earth,  or 
one  minute  of  such  a  circle,  (Art.  1  ;) 
therefore  a  great  circle  contains  only 
21600  nautical  miles,  whilst  it  contains 
24869  common  or  statute  miles ;  or  a 
common  mile  is  to  a  nautical  mile,  as 
21600  to  24869 ;  to  express  this  propor- 
tion ia  feet  we  must  say, 
^ — ___^_^_^__^-^_^— ^— ^^-. 

•  From  fli«  Ort«k  word  •••«,  mm,  a  <A^ 


21600  :  24869  ::  r>280  feet  :  6079,089 
feet. 

Hence  a  geographical  or  nautical  mile  is 
about  6079  English  feet. 

Chapter  III. 

On  the  Mariner's  Compass, — The  half 
Minute  Glass. — Mariner's  Scales, — 
Mercator's  Chart. 

(45.)  Thb  course  of  a  ship,  or  the  angle 
which  her  track  makes  with  the  meri- 
dians of  the  globe,  is  determined  by  the 
compass.  A  circular  card,  represented 
in  /^.  8,  has  a  magnetized  bar  of  steel 
attached  to  the  back  of  it,  so  as  to  form 
one  of  its  diameters  ;  this  diameter  is 
supported  horizontally  on  a  point,  and  is 
exactly  balanced  on  its  centre,  so  as 
to  allow  it  to  turn  round  freely  with  the 
card  in  every  direction ;  that  diameter 
of  the  circular  card  which  is  marked 
with  the  letters  N  and  S,  standing  for 
north  and  south,  and  with  a  star  at  each 
extremity,  shows  the  position  of  the 
maffnet  below:  it  is  the  property  of 
sucn  a  bar,  when  thus  balancecl,  to 
point  nearly  to  the  North  Pole,  and  it 
carries  the  letters  N  and  S  on  the  card 
along  with  it  into  the  same  position. 
The  horizon  of  every  place  is  supposed 
to  be  divided  into  thirty- two  parts,  or 

Eoints,  called  by  the  names  represented 
y  letters  in  Jig.  8.  When  the  bar  of 
steel  has  carried  the  horizontal  card  into 
the  position  above  described,  the  thirty- 
two  lines  or  points  marked  in  the  figure 
will  be  opposite  to  thirty-two  corre- 
sponding points  in  the  horizon,  which 
are  called  by  the  same  names  as  those 
abridged  in  the  card,  so  that  the  circu- 
lar cs^  is  an  artificial  representation  of 
the  horizon  of  any  place.  These  points 
are  each  subdivided  into  four  parts, 
called  quarter  points.  If  there  be  an 
object  opposite  to  one  of  these  lines  of 
the  card,  say  that  marked  SW  b  S  or 
south  west  by  south,  that  object  is  said 
to  bear  (Art.  12)  SW  b  S  from  the 
spectator  at  the  compass.  This,  how- 
ever, may  not  be  the  true  direction  or 
bearing  of  that  object,  it  may  be  only 
the  magnetic  bearing ;  for  the  magnet 
rarely  points  truly  north,  it  is  subject 
to  two  errors  from  different  causes, 
the  one  a  cause  which  acts  continu- 
ally, and  the  other  local ;  the  effect 
produced  by  the  former  is  called  the 
variation,  and  that  produced  by  the 
latter  the  deviation;  these  errors  wiU 
be  adverted  to  hereafter ;  their  amount 
is  easily  ascertained;  and  they  esta- 
blish the  distinction  between  true  qxnsI 
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utility,  called  duMercaiors  Charts  This  :  cos.  of  the  latitude  in  which  that  pa- 
chart  exhibits  a  most  convenient  and  rallel  is  situated.  //  is  this  proportion 
in^nious  manner  of  representing  the  of  radius  to  the  cosine  of  the  latitude  of 
surface  of  the  globe  on  a  plane.  The  the  parallel,  which  is  preserved  in  a 
meridians  of  the  globe,  or  secondaries  Mercator's  Chart,  As  on  the  globe 
to  the  equator,  are  drawn  parallel  to  one  the  length  of  1',  taken  on  a  parallel, 
another  in  this  chart,  as  in  the  plane  becomes  very  small  as  we  approach 
chart ;  and  therefore  the  parts  of  the  the  pole,  compared  with  its  length  on 
parallels  of  latitude,  intercepted  be-  a  meridian ;  it  is  evident  that,  as  all  the 
tween  any  two  meridians,  must  be  equal  parallels  in  our  chart  are  equal  to  the 
to  one  another,  and  to  the  intercepted  equator,  in  order  to  preserve  this  pro- 
part  of  the  equator  in  all  latitudes ;  for  portion,  our  meridians  must  be  very 
these  parallels  of  latitude  cross  the  considerably  lengthened ;  and  the  more 
parallel  meridians  at  right  angles,  and  so  as  we  approach  nearer  to  the  pole,  in 
ibrm  a  number  of  four- sided  figures;  the  neighbourhood  of  which  the  natural 
which  are  all  right  angled  parallelo-  parallels  are  so  very  small.  It  is  the  mode 
grams ;  (see  note  Art.  14.)  the  difference  of  lengthening  these  meridians  in  pro- 
of longitude  between  any  two  places  may  portion  as  the  parallels  on  the  chart 
therefore  be  measured  on  these  parallels,  are  lengthened  beyond  their  natural  size, 
as  well  as  on  the  equator  itself;  and  the  we  have  now  to  investigate, 
distance  between  any  two  meridians  is  Now,  cos.  lat. :  rad. : :  rad. :  sec.  lat. 
in  all  latitudes  the  same,  and  equal  to  (Art.  31,) 
their  difference  of  longitude :  the  pro-  and  our  proportion  becomes, 
portion,  however,  which  subsists  be-  Length  of  1'  on  parallel  -  length  of  l' 
tween  the  parts  of  meridians,  and  the  on  meridian  : :  rad.  :  sec.  lat. 
same  elementary  parts  of  parallels,  on  We  began  by  observing  that  the 
the  globe,  is  accurately  preserved  in  a  parts  of  meridians  on  our  chart  were  to 
Mercator's  Chart  in  all  latitudes.  If  we  nave  the  same  proportion  to  the  same 
look  at  Jig.  7,  we  shall  perceive,  that  elementary  parts  of  parallels,  as  they 
though  a  e  in  that  figure  is  the  same  have  on  the  globe :  that  proportion  we 
part  of  the  small  circle  ae  b  cd,  that  have  just  expressed ;  and,  therefore,  in 
A  £  is  of   the  circle  A  E  B  C  D,  or  our  chart  also, 

equator ;  yet  that  it  is  much  shorter  in  l'  on  parallel :  1'  on  meridian : :  rad. 

length ;   and  therefore  one  minute,  for  :  sec.  lat.  or, 

example,  or  any  other  elementary  part  l'  on  parallel :  rad. : :  l'  on  meridian : 
or  division  of  a  circle,  must  be  smaller  sec.  lat.  (See  Algebra,  Art.  127  and  128.) 
on  that  circle  than  on  the  larger  circle.  Let  us  commence,  therefore,  the  con- 
(see  Art.  28,)  which  represents  the  struction  of  the  chart  by  drawing  a  line 
equator;  in  fact,  the  length  of  A  E :  to  represent  the  equator,  divide  it  into 
length  of  a  e  ::  rad.  of  equator  :  rad.  equal  parts,  which  we  will  call  1'  each ; 
of  parallel ;  that  is,  AE  :  a  e  ::  AF  draw  parallels,  and  through  the  equal 
:  a  G,  for  those  lines  are  the  radii  of  divisions  of  the  equator  draw  the  meri- 
the  equator  and  the  parallel ;  but  a  G  is  dians  parallel  to  one  another,  and  at 
the  sihe  of  the  arc  a  P  to  radius  A  F,  right  angles  to  the  equator ;  and  the  pa- 
which  arc  is  the  complement  of  the  rallels  will  likewise  be  divided  into  equal 
latitude  of  the  place  a,  therefore  a  G  is  parts  of  1'  each.  Now  if  we  suppose  that 
the  cosine  of  the  latitude  of  a;  (Art  29  the  line  which  represents  1'  of  longitude 
and  38  ;)  also  the  length  of  a  minute,  on  on  all  the  parallels,  or  on  the  equator  of 
a  meridian  of  the  globe,  is  equal  to  the  our  chart,  represents  also  the  length  of 
length  of  a  minute  on  the  equator,  for  the  radius  of  the  natural  trigonometrical 
all  great  circles  of  a  sphere  are  equal,  tables,  it  is  evidentj  looking  at  our  pro- 
Hence  we  have,  portion,  that  I'on  a  meridian  should  also 
Length  of  1'  on  meridian  :  length  of  l'  represent  the  natural  secant  of  the  lati- 
on  parallel :  :  rad.  :  cos.  lat.  of  parallel,  tude  in  which  the  measure  is  taken ;  or 
Therefore  in  the  globe  the  proportion  the  parallel  of  the  latitude  of  one  minute, 
between  the  length  of  an  elementiypart  for  example,  ought  to  intercept  between 
of  a  meridian  and  the  length  of  the  same  itself  and  the  equator  a  line  equal  to  the 
elementary  part  of  a  parallel  is,  as  rad.  secant  of  l' to  a  radius  equal  to  T  on  a 
parallel ;  for  the  two  first  terms  in  our 

•  Mercator  nerer  divalged  the  principles  on  which  proportion    are    made  equal,    the    other 

lie  constructed  the  charts  which  bear  his  name.    It  a^^    thpreforp    mimt    hp  pnnnl  •    in    tho 

wattoMr.  Edward  Wright,  that  science  was  iniiebted  ^^  wiereiore  musi  DC  equai .   in  tHe 

fc>f  the  fir»t  exposition  of  those  principle*.  Same    manner,  WhftW  y<^   s^X^^  'SJCNft.^'?*^- 
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Ihelititudeof  London.BE  thediflbrenM  snd  the  oagltaeAb,  def,  &c.  which 
-.fi™  ■.  J-  "■ad.x20  .L„„,„„  ■,„  her  track  m«kM  with  the  meridians,  or 
of  longitude-  gos7i^=^b°"t  32  miles,  course*,  must  be  «U  equal  to  one  ano- 
So  that,  in  resolving  cases  of  pandlel  ^^-  .^he  angles  a  ship's  way  make! 
swling.  we  need  not  concern  ourselves  'T""  *™  equator  and  parallels,  when 
with  the  sphere,  b«t  may  advert  to  this  ™  ""*.  ""  *  meridian,  or  wiih  meri- 
right  angled  triangle,  by  which  we  may  *"*"'•  **',«>  .<>"  "»  equator  or  parallels, 
m  exhibited,  and  mm  m«Mw^  the  »",«i™;  •>"??  they  are  always  ririit 
comparative  lengths  of  the  corresponding  ■"Kk^-  The  oWijue  rhumb  hne  is  called 
parts  of  the  paraUel  and  equator.  We  ^  ™  Loxodromtc  curve,  from  two 
shaU  now  show  that  all  auet  nf  tailing  "'««  "O™"  signifying  an  obliqut 
whatever  mau  be  resolved  through  the  •»«"•■  and  «  a  line  of  a  very  peculiar 
matium  ofnghl  angled  trianglet.  nature;   it  is  a  spiral,  and  has  the  re- 

(61.)  We  proceed  to  the  third  and  by  '"""■"'le  property  of  winding  round  and 
far  the  mostiMcuU  case,  where  the  ship  '^""''  '"f  P^'e  °^  the  earth.  eonatanUy 
sails  neither  on  a  meridian,  nor  the  "PprOMhing,  yet  never  reaching  il :  so 
equator.noron  a  parallel;  inwhich case  '™5  "  *  »'"P  could  sail  on  the  same 
she  UcontinuallychanrinK  both  her  laU-  "■''■q'je  ^""^ /o'  ever,  she  would  ap- 
tude  and  longitude.  ^'■°^^    infinitely    near,   either    to    t^ 

In  fig.  9.  let  P  represent  the  north  no""  «■  south  pole,  but  could  never 
pole  of  the  earth.  PF  and  PE  parts  of  "",""!''?■''''*"?■„„ 
meridians,  and  AG,  ML,  and  FE  ror-  ,^1"  "le  tnawle  AFE.  AE  represent! 
tions  of  parallels  of  laUtude  ;  let  the  ship  ™  nautical  distance,  and  therefore  tht 
sail  from  A  to  E.  It  is  required  to  in-  p>'''<"»  "/  "  rhumb  line  intercepted 
vestigale  rules  by  which,  if  the  nautical  "'"wn  <«*  »"»  ptace*  through  which 
distance  sailed  and  course  be  given,  the  '^  rhumb  Ittu  ptutet,  u  thnr  naulirat 
inrlonM .-  A  F  alio  represents  the  differ- 
ence of  latitude,  and  the  angle  E  A  F 
the  course. 

The  ffl«n'di'an  diilmee  made,  i*  tha 
ditltmce  betieem  the  meridian  arrived 
at  and  th»  meridian  left,  tneatured  on 
the  Muator,  or  the  parallel  on  which 
the  Mip  it  I  thus,  when  a  ship  sails 
from  A  to  E,  F  B  is  the  mtnidian  dis- 
tance she  has  made ;  but  when  she  sails 
from  £  to  A,  then  G  A  b  tlie  meridian 
difltrenees  of  latitude  and  longitude  be-  distance ;  and  when  she  sails  on  a 
Iween  any  two  places,  as  A  and  E,  may  parallel,  or  the  equator,  the  arc  of  the 
be  found ;  and  conversely,  it  the  differ-  P"rallel  or  equator  she  describes  is  itself 
ences  of  latitude  and  longitude  be  given,  ""^  meridian  distance.  In  parallel  sail- 
the  nautical  distance  and  course  may  be  'ng,  therefore,  the  ship  aalualtu  mea- 
found.  It  will  be  necessary,  however,  *'"^*  ^*^  meridian  distance  as  ihe  pro- 
flrst  to  define  some  lines  of  which  we  <=eeds;  but  in  saUing  on  an  oblmue 
shall  have  occasion  to  speak.  rhumb  line,  it  is  the  oblique  rhumb  line 

The  curve  A  E  in  the  figure,  which  is  which  she  measures. 
ihe  line  the  ship  traces  out  in  sailing  '*''■)  Construct  fig.  9  thus,  suppose 
flrora  A  to  E.  without  altering  her  course  'he  rhumb  line  AE  divided  into  four 
ly  compass,  is  called  a  rhumb*  line.  A  •I"*'  P"*^"  '"  'he  points  o,  d,  and  *,• 
rhumb  line  may  be  defined  to  be  /Ae  ""*  through  those  points  draw  three 
ehorietl  line  which  can  join  Iteo  pointe  meridians  ;  then  draw  the  parts  of  pa- 
on  the  globe,  cutting  ail  the  meridiata  '*"o's  *  "■/'''  end  y  e ;  the  result  is  the 
lehich  tl  avssee  at  the  same  angle.  formation  of  the  four  small  triangles 

From  the  nature  of  the  compass  it  w  Afic,  c/d,  dge,  and  ehZ;  but  if 
evident.thatashipsway.  solonga.sshe  instead  of  four  small  tnangles,  eon- 
Steers  the  same  courset  by  a  compass,  strucled  in  the  manner  aI)ove  mentioned, 
must  make  the  same  angle  with  eveiy  """  '*^"  'o  imagine  many  thousand,  ia 
'meridian  she  crosses  ;  she  therefore  "hort,  an  indefinite  number  so  con- 
must  trace  out  the  line  we  have  defined;    slructed.  by  o  continual  subdivision  of 

. the  rhumb  line  AE.  and  a  continual 

m1i?S™  wKlJh''22n'B'"rc°oi'«'''°"'''"*    drawing  of  meridians  through  the  ^inU 

t  Whcslk«*iiH»lKiriir,(M«AiLK.)  Of  division,  sMVE)  <^OT)!a&<« 'COft  VtvuuQ 


'leooe  F'E"^  =  the  deptrtme. 
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Abe  one  of  luch  miliiitd?  tmalltri-  thai,  fam  of  all  tile  A  e*e :  mm  of  all  tha 

angtet;  then  thebaiei  &£,  se.  of  ttieae-  Ab"9i:Ac:  Ab,  that  ia»  Ae:  A6:: 

nnmerous    triang^    added    tosethar.  A''EI^:A''F^.  NowitisdemonBtratedin 

would  represent  what  is  tenned  the  d^  treatises  on  geometrv,*  that  if  two  tri- 

partur€  made  in  sailing  from  A  to  E ;  an^  hare  one  angle  of  the  one  eqnal 

and  as  an  arc  of  a  parallel  of  lati*  to  one  an^   of  the  other»  and  the 

tnde»  or  of  tiie  equator,  between  any  sides  about  the  equal  aa^^  propor* 

two  plaeest  may  be  supposed  to  consist  tionals,  the  triang^  are  eqvdaqgular, 

of  an  infinite  number  of  such  small  lines,  and  consequently  similar:  wejiafeseen 

it  reinresents  the  departure  between  the  that  the  two  triangles  A  6  cA^F'V  are 

two  plains  bf  which  it  is  intercq[»ted.  so  drcumstanoed,  and  therefoie  Uiey 

That  this  departure  answors  to  the  line  are  equiangular,  but  Abe  Im  %  nAi 

which  we  haye  caSed  the  departure  in  at^^edftriangle, therefore A^  fEfiMtibn 

the  first  Part,  will  appear  from  the  ibl-  angfatansiedtriani^;  and  A6  :6c:: 

lowing  considerations:  as  the  trian^es  A'^F':  F'E';  and  wehave8hown,A6: 

Abe,  See,  are  indefinitely  small,  the  hues  6c::  sum  of  all  the  A  6*8  :  sum  of  all 

eomposinj^  them  may  be  assumed  to  be  the  6c*s,  but  the  sum  of  all^  A6'8a 

strai^thnes;   suppose,  therefore,  the  A'' F^,  and  the  sum  of  all  the  6  cTss  the 

■hip  to  sail  at  first  only  firom  A  to  c,  an  departure;  therefore  the  last  proportion 

indefinitely  small  distance;  in  tins  case  becomes,  A6  :  6c  ::  A'^F^ :  departure^ 

the  line  oe  represents  tiie  line  we  have  j^  Vxbe           - 

hitherto  called  the  departure,  for  it  is  a    hence  departure  » --^ — ,bntFV 

straight  line  perpenoicular  to  a  mo-  A/'ii*^    h 

lidian;  sowh^the  ship  continues  her  ^zLzl— 

▼ogage  and  arrives  at  B,  she  has  sailed  A6 

ovor  an  indefinite  number  of  Unes,  all  So  tiiat  we  have  airived  at  tins  oonehi- 

equal  to  Ac;  now  tiieveiy  small  right  sion,  tiiat  when  a  shb  sails  on  an  oblique 

i9i^ed  tnangks  A6c,  &c.  have  their  rhumb  Ime,  and  the  nautical  distance 

hypotenuses  equal,  and  all  the  anc^  made  forms  the  hypotenuse,  and  tiie 

of  tiie  one  equal  to  all  tiie  angles  of  tiie  course  forms  tiie  angb  at  tiie  vertex  of 

(rthera,  each  to  each,  therefore  the  tri-  a  right  angled  pUne  triangle;  the  per- 

angles  are  equal  and  simiku*  -•  tiiere-  penficular  of  that  triangle  wiU  rera^t 

fore  the  ship  has  also  made  an  indefinite  the  difference  of  latitucte,  and  the  base 

number  of  small  departures  all  equal  to  the  departure  made ;  if  any  two  there- 

and  identical  witii6c;  therefore  their  fore  of  these  four  pwls  be  given,  the 

sum  be  +  &c.  must  be  the  departure  to  others  can  be  found :  tiie  triangle  beinir 

the  sum  A  c  +  &c.  or  A  c  t^en  as  many  a  right  angled  triangle.     II   appeaw. 

times  Bsb  c,  or  tiie  nautical  distance  A  E.  therefore,  tiiat  the  d^ture  madeby  a 

As  tiie  several  small  elementary,  tri-  ship,  may  be  defii^  to  be,  (Ae  ««m  o/ 

anglM  Abe,  &c.  are  equal,  whatever  all  the  auecetsive  demeniary  mtriditm 

number  of  times  tiie  hne  A  E  contains  dUtances,  when  the  nautical  distance  is 

the  hne  A  c,  tiie  same  number  of  times  assumed  to  be  divided  into  an  indeJIniU 

will  the  sum  A6+  &c.  contain  A  6,  number  of  equal  parts. 

and  the  sum  6c  +  &c.  contain  be;  The  departure  therefore  is  a  species 

hence  we  have  sum  of  all  tiie  A  c's  :  sum  of  imaginary  quantity,  the  result  of  an 

of  all  the  A 6s  ::  A c  :  A6 ;  and  sam  of  hypotiiesis  made  for  the  purpose  of  ob- 

^  A6-8  :  sum  of^^  ^^'V'i.^i'  ••?.?•  tainin^  a  straight  line  to  /^^«sent  it 

But  tiie  sum  A^  +  &c  =  a  F  tiie  dif-  We  Ihall  prSSntly  discoverfhowever, 

ference  of  latitude ;   (Art.  42 ;)  and  the  that  it  is  of  great  utility  as  a  connecting 

fwo  L"^      i'  "  ^'    ^^^'f^n  Jf^  ^'"^  5  ^^''  '^  J^««  «^d  «*^»Pts  tiie  rule  for 

there  be  ^  plan^  tnangle  A"E"F',t  tiie  solution  of  cases  of  p^el  sailing  to 


,       ,  .        ,  -     .  presentation  w..  ^  *.*wv^iwi  a  v^ihui,  w 

equal  to  the  number  o^  nautical  miles  in  the  meridians  in;^.  9.  marked  with  tiic 

the  spu^  hne  A  E,  and  the  side  A"  F'  same  letters  witii^t  tiie  dashes ;  then  a 

equal  to  tiie  number  of  nautical  nules  straight  line  A'  E'  will  represent  tiie 

m  tiie  difference  of  latitude  AF;  in  rhumb  line  AE  on  such  a  chart*  for 

^  «  S),  ^?^''    ^®^  A"  ^"  =  ^  ^'    ^^  ^at  ^e  has  been  defined  to  be  the  slwrt- 

A"  W=AF:  we  have  ah-eady  proved  est  line  tiiat,  in  connecting  two  places, 

•  simton't  Eaciid.  book  1.  prop.  96.  Md  book  6.  as  A'  and  £/,  cuts  all  the  meridians  it 

prop.  4.  andCArt.  6.)  — ^— _— _— — 

+  The  tri»Dgle  A"  E"  F'  it  not  dnnm.  •  Simwa't  Snolid,  book  «.  prap»  f. 


NAVIGATION.  21 

crosses  at  the  same'  angle ;  and  as  the  We  shall  now  expliun  another  mode 

meridians  on  a  Mercator*s  Chart  are  pa-  by  which  the  solution  of  such  cases  may 

rallel,  and  a  straight  lin^  is  the  shortest  be  effected  through  the  medium  of  the 

line  that  can  be  drawn  between  two  imaginary  line    called   the   departure. 

points;  it  follows,  that  the  straight  line  This  method  is  called  middle  latitude 

A!  E'  (which  is  not  onlv  the  shortest  line  sailing, 

that  can  be  drawn  between  the  two  Let  M  L  (Jig.  9)  be  an  arc  of  the 
points  A' and  E',  but  also  in  crossing  the  parsJlel  of  latitude  half  way  between 
meridians  makes  equal  angles  with  them  the  parallels  of  F  and  A,  or  the  paral- 
all)*  answers  completely  to  our  definition  lei  of  the  middle  latitude.  We  perceive 
of  a  rhumb  line ;  and  those  angles  or  on  inspecting  the  figure,  that  all  the  ele- 
courses  must  be  equal  to  the  courses  of  mentary  parts  of  the  departure  b  c,  &c. 
the  former  figure ;  divide  this  rhumb  with  the  exception  of  the  last,  are  less 
line,  as  before,  indefinitely  into  equal  than  corresponding  intercepted  parts  of 
parts  in  cf,  &c.  and  let  the  meridians  pass  the  meridian  distance  F  E,  but  greater 
through  these  divisions ;  complete  the  than  the  corresponding  intercepted  parts 
elementary  triangles  by  drawing  the  parts  of  the  meridian  distance  A  6 ;  that  is» 
of  parallels ;  it  is  evident,  that  these  new  the  one  meridian  distance  is  too  great, 
rignt  angled  triangles  A'  1/  (/,  &c.  are  and  the  other  too  small  to  represent 
also  all  equal,  similar,  and  identical  the  departure.  This  is  not  the  case, 
triangles ;  and  they  are  all  similar  not  however,  with  respect  to  the  arc  of  the 
only  to  the  triangle  A'  F  E',  but  also  to  middle  parallel ;  its  corresponding  parts 
the  triangles  Abe,  &c.  in  the  former  fi-  are  neitner  all  greater,  with  one  excep- 
gure,  and,  lastly,  to  the  triangle  A"  F'  E"  tion,  nor  all  smaller  than  the  parts  of  de- 
fer every  one  of  these  triangles  has  the  parture,  but  some  are  greater  and  some 
angle  at  its  vertex  the  same ;  and  they  smaller ;  that  is,  on  one  side  of  the  arc 
are  right  angled,  consequently  their  third  of  the  middle  parallel  are  parts  of  de- 
angles,  (Art.  5,)  or  the  angles  at  the  parture  less,  and  on  the  other,  parts  of 
base,  must  be  equal ;  therefore  also  they  departure  greater ;  and  inasmuch  as 
must  be  all  similar  to  one  another,  and  this  is  caused  by  the  regular  divergency 
have  their  sides  about  the  equal  angles  of  the  meridians  as  we  approach  the 
proportionals,  hence  we  have  equator,  we  may  fairly  infer,  that  the 
A'F:  FE'::  A'F':  F'E",  defect  of  the  parts  of  the  arc  of  the 
but  A'  F  is  the  meridional  difference  of  middle  parallel  which  are  too  small,  is 
latitude,  F  E'  the  difference  of  longitude  nearly  supplied  by  the  excess  of  the 
(Art.  48,)  A"  F'  the  proper  difference  of  parts  too  great,  and  that  the  arc  of  the 
latitude,  and  F'E'' the  departure.  Hence  middle  parallel  intercepted  between  the 
we  have  meridians  of  any  two  places  is  nearly 
mer.  diff.  lat.  :  diff.  long. : :  prop.  diff.  lat  equal  to  the  departure  made  in  sailmg 
:  departure,  (A.)  from  the  one  place  to  the  other  on  an 
Also  in  the  right  angled  triangle  A'FE',  oblique  rhumb  line.  Having  obtained, 
A'F:FE';:rad:tanE'A'F(Art.30,)  therefore,  an  arc  of  a  parallel  in  a 
that  is,  known*  latitude,  which  will  nearly  re- 
mer.  diff.  lat :  diff.  long. : :  rad. :  tan.  present  our  departure,  the  case  is  re- 
course (B.)  solved  into  a  case  of  parallel  sailing. 
These  proportions  marked  A  and  B  are  (Art.  50 ;)  for  we  may  consider  the  ves- 
one  mode  of  connecting  the  nautical  sel  to  have  sailed  the  sum  of  all  the 
distance  and  course  made  by  a  vessel,  elementary  parts  of  the  departure  on 
when  sailing  on  an  oblique  rhumb  hne,  the  parallel  of  Mand  L;  and  in  that 
with  her  chan^  of  longitude.  case  (on  the  supposition  that  M  L  is 
Cases  of  sailing  on  an  oblique  rhumb  really  equal  to  the  departure)  her  change 
line  resolved  by  mese  two  proportions,  of  longitude  will  be  the  same  as  if  she 
are  said  to  be  resolved  by  Mercatofs  had  described  A  E,  and  may  be  found  by 
SailingA'      .  the  proportion 

•  A  stntight  Kn«  crowing  parallel  linei  makes  COS.  lat.  :  rad.  :  :  dep.  :  diff.  lou^.      • 

eqaal  angles  with  them  all.    be«  Simson's  Euclid,  But  we  must  remember  that  the  latitude 

'l^dk'.X^t.r'.  chart.  Ih.  c.»™.  b.tw«.  «.y  '^^^  ?'T'"%,"^  T^>?\  ''ll^''"'  ? 

two  places  is  immediately  found  by  measurinr  the  taken,  IS  the  nuaole  latltuae  between  A 
angle,  which  th<*  straight  line  joining  them  ft 
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with  the  meridians;    the  distance  between  thoAe  *  For  the  latitudes  of  the  places  A  and  F  arc  as- 

placet  may  be  found  correctly  by  applying  a  seals  tamed  to  be  known,  and  the  latitude  of  M  is  found 

of  eoaines  of  middle  latitudes  to  a  meridian  on  the  by  taking  a  laUtude  as  much  greater  than  that  of  P. 

chart    The  modem  Mercator's  Charts  have  these  As  it  is  smaller  than  that  of  A^  or  tJhA  tMtaawNati 

scales  and  directions  explanatory  of  their  use.  ,  tode. 


n 
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iind  F ;  therefore,  in  reioWing  cases  of 
middle  latitude  sailing,  we  should  mark 
this  by  writing  the  proportion  as  fol- 
lows, 

COS.  mid.  lat. :  rad. : :  dep.  i  diff.  long. 
It  appears,  therefore,  that  if  we  suppose 
the  angle  B  E  F  (Jig,  1 1)  in  the  triangle 
B'K  F  to  be  eoual  to  the  middle  latitude, 
and  F  E  equal  to  the  departure  made  in 
tdling  the  distance  A  E  on  the  oblique 
course  E  A  F,  then,  on  the  supposition 
that  M  L  ss  that  departure,  the  hypote- 
nuse of  that  triangle,  B  £,  will  represent 
the  di£ferenee  of  longitude  made.  (Art.  50.) 
It  is  evident,  however,  this  method  of 
middle  latitude  sailing  is  but  an  ajrpror- 
imation,  the  departure  actually  made  is 
not  ftrac%  equal  to  the  arc  bf  the  middle 
parallel,  and  the  principles  of  parallel 
sailing  require  that  the  departure  ehould 
he  reckoned  in  the  parallel  to  which  it 
truly  belongs.  The  parallel  to  which  it 
truly  belongs  is  clearty  that  parallel, 
which  win  give  the  di^rence  of  longi- 
tude actually  made. 

Therefore  the  above  proportion  should 
contain  the  cosine  of  the  true  middle 
latitude,  or  middle  latitude  in  which  the 
departure  should  be  reckoned,  instead 
of  the  cosine  of  the  mean  middle  lati- 
tude, as  it  is  called.  Mr.  Benjamin 
Workman,  in  a  small  Tract  published 
in  1805,  under  the  patronage  of  Dr. 
Maskelyne,  gave  a  very  useful  table 
for  converting  mean  middle  latitudes 
into  true  middle  latitudes ;  and  as  his 
improvements  are  not  so  well  known,  or 
so  duly  appreciated  as  they  deserve  to 
be,  we  have  inserted  that  table  at 
the  end  of  this  treatise  ;  and  shall  ex- 
plain, before  we  close  this  chapter,  the 
principles  on  which  it  is  constructed. 

Cases  of  sailing  in  low  latitudes,  and 
when  the  given  course  is  within  one  point 
of  due  east  or  west,  may  be  very  properly 
solved  by  this  method  of  middle  latitude 
sailing,  without  applying  the  corrections 
from  Mr.  Workman's  table  ;  and  when- 
ever the  given  course  is  less  than  50°, 
or,  not  being  less,  when  the  difference 
of  latitude  exceeds  20°,  or  1200  miles, 
tlie  method  of  Mercator's  sailing  should 
be  used.  In  all  other  cases  of  sailing  on 
an  oblique  rhumb  line  recourse  should 
be  had  to  middle  latitude  sailing  as 
improved  by  Mr.  Workman. 

Let  the  triangle  A  F  K  {fg,  11)  re- 
present the  auxiliary  right  angled  trian- 
gle A"  F"  E",  we  shall  caU  it,  for  distinc- 
tion, the  plane  triangle.  Let  B  E  F  be 
another  right  angled  triangle  having  the 
same  base  E  F,  and  let  the  angle  B  E  F 


be  equal  to  the  true  middle  latitude,  or 
the  latitude  in  which  the  departure  F  E 
should  be  reckoned ;  then  will  the  right 
angled  triangle  B  E  F  be  a  proper  tri- 
angle to  resort  to  for  finding  the  differ- 
ence of  longitude  made  by  sailing  the 
distance  A  E  on  the  oblique  course  E  A  F, 
when  the  departure  F  E  is  reckoned  in 
the  latitude  B  E  F ;  and  also  when  the 
difference  of  longitude  made,  in  sailing 
a  nautical  distance  eoual  to  the  depar- 
ture F  E  on  the  parallel  of  the  latitude 
B  E  F,  is  required.  (Art.  50.)  This  right 
angled  triangle,  therefore,  is  a  triangle 
fitted  to  resolve  cases  both  of  paraUel 
sailing  and  middle  latitude  sailing ;  we 
shall  call  it  the  parallel  triangle. 


Fig.U. 


Produce  A  E  and  A  B  indefinitely ; 
with  B  as  a  centre  and  B  E  as  a  radius 
describe  the  arc  of  a  circle  E  Z  ;  at  the 
point  B  draw  B  Z  perpendicular  to  A  B 
produced,  and  meeting  the  arc  E  Z  in  Z ; 
through  the  point  Z  draw  Z  I  parallel 
to  A  B  produced ;  it  must  meet  A  E 
produced  either  on  the  one  or  the  other 
side  of  B  Z.*  Let  them  meet  in  I,  and 
from  I  draw  I D  at  right  angles  to  A  B 
produced ;  then  the  four- sided  figiu-e 
Z  I D  B  is  a  parallelogram,  and  B  Z  = 
D  I  ;t  but  B  Z  =  B  E,  for  they  are 
both  radii  of  the  same  circle,  therefore 
B  E  =  D  I,  and  D  I  in  the  right  angled  , 
triangle  AD  I  represents  the  difference 
of  longitude  made  on  sailing  the  distance 
A  E  with  the  oblique  course  E  A  F,  when 
the  departure  FK  is  reckoned  in  the 
latitude  B  E  F ;  and  as 

AD  :  D  I  : :  rad.  :  tan.  course, 
therefore  by  proportion  B,  A  D  equals 
the  meridional  or  projected  difference  of 
latitude  made  in  sailing  the  same  course 
and  distance,  when  the  true  middle  lati- 
tude equals  the  angle  B  E  F.  Now  the 
right  angled  triangle  A  D  I  answers  m 

•  Simion'«  Kuelid,  Ixjok  i.  prop.  29. 
t  Ibid,  book  i.  prop.  34. 
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eterf  respect  to  the  triangle  A'  ¥*  E'  in  expression  that  shall  represent  the  co- 

Jlg,  10;  it  is  the  triangle  therefore  by  sine  of  the  true  middle  latitude  may  now 

reference  to  which  we  must  resolve  au  be  explained. 

cases  that  should,  according  to  our  rule.        Put  /  =  difiP.  lat.,  L  =  diff.   long., 

be  resolved  by  Mercator's  sailing,  we  m  =  mer.  diflP.  lat.,  c  =  cos.  mid.  lat., 

call  it  therefore  the  Mercator  triangle.  R  =  rad.,  T  =  tan.  course,  (/'  =  cosec. 

The  seven  important  elements  of  navi-  course,  </  =  cos.  course,  «=  sin.  course, 

gation  are,  the  course  E  A  F,  nautical  /  =  sec.  of  the  course,  d  =  dist.»  and 

distance  A  E,  difference  of  latitude  A  F,  D  =  dep. ;  then  by  proportion  B  we 

departiu^  FE,  difference  of  longitude  have 

B  E,  or  D  I,  middle  laUtude  B  E  F,  and  ,       u    ^  ^      t 

meridional  difference  of  latitude  AD;  m  :  L  :  :  K  :  —  =  T. 

of  which  the  plane  triangle  contains  the  ti.r  r^^n.^^^^:^^  r\  ««  »,«,,« 

fourilrst;  theparalleltrianfflethefourth.  ^yproportion  D  we  have, 

fifth,  and  sixth ;   and  the  Mercator  tri"  /  :  L  :  :  c  :  —  =  T. 

angle  the  first,  fifth,  and  seventh.  If  the  ^ 

reader  remembers  this,  and  our  rule  as  xjgnce    ~  =  ^^ 

to  the  courses  to  which  particular  mcxies  *    /  m* 

of  solution  are  adapted,  he  will  know  to  multiplying  both  sides  of  the  equation 

which  of  these  three  triangles  he  ought  /  R  / 

to  turn,  when  any  case  of  sailing  is  ^^  T'*  ^  ~  Z^' 

presented  to  him  for  solution.  ,  ,  ,       ti   .  i       >      i 

There  is,  however,  a  fourth  triangle,  *"^  *o^-  ^  =  ^°S-  ^  +  *^K- '  -  ^^«'  ^' 
BE  A.  which  we  shall  call  the  oblique  So  that  to  find  the  h*ue  middle  latitude, 
triangle  ;  it  contains  the  course,  nauti-  we  must  add  1 0  to  the  logarithm  of  the 
cal  distance,  and  diflference  of  longitude,  proper  diflFerence  of  latitude,  and  sub- 
From  this  triangle  we  derive  one  of  two  tract  from  the  sum  the  logarithm  of  the 
useful  proportions  which  remain  to  be  meridional  diflFerence  of  latitude,  the  re- 
stated, and  which  are  necessary  also  in  maindcr  is  the  lojjarithmic  cosine  of  the 
explaining  the  principles  on  which  Mr.  true  middle  latitude,  (Ari.  33.)  From  this 
Workman's  table  is  constructed ;  these  equation,  therefore,  calculatmg  m  as 
two  proportions  we  shall  now  proceed  before  mentioned,  (note.  Art.  48,)  Table 
to  investigate.  In  the  triangle  h  E  F,  2  might  be  computed.  The  true  middle 
B  E  :  F  E  : :  rad. :  sin.  E  B  A,  (Art.  29,)  ^a^'tude  always  exceeds  the  mean. 

'^%E:AE::sin.EAB:rad.  By  proportion  C, *=  ^\  but  *  = 

Hence  (Algebra,  Art.  127  and  128)  we  R;^^.3j.)    Substituting  this  value 

B  E  :  A  E  : :  sin.  E  A  B  :  sin.  E  B  A,  R«    _  c  L 

and  -^  =  "-["» 

A  E  :  sin.  E  B  A  : :  B  E  :  sin.  E  A  B,  multiplying  both  skies  of  this  equation 
But  the  angle  E  B  A  is  the  complement         dd' 

of  B  E  F  the  mid.  lat.,  therefore,  by  r^— ,  we  obtahi 

sin  E  B  A  =  cos,  mid.  lat.  ^  -    ,, 

therefore  d  =  . 

dist. :  COS.  mid.  lat.  ::  diflf.  long. :  sin.  ,«,    ,    .  ,.  ,,    «r    . 

eourse  (C  )  The  last  equation  gives  Mr.  Workman's 

In  the  parallel  triangle  B  E  F,  *  "^^  ^^J  ?."i^"&  ^^%  i^hmXickX  distance 

i.  t:.    no        •     «  f  c  ^  x^  X ,  ^^^  ^^^  difference  of  longitude,  course, 

FE  :  B  £  : :  sm.  B  •  or  cos.  mid.  lat. :  ^nd  true  middle  latitude.     It  is  this, 

^*""  Add  together  the  logarithmic  c,  the  lo' 

In  the  plane  triangle,  garithmic  d\  and  the  logarithm  of  L, 

A  F :  F  E  : :  rad. :  tan.  A  of  tan.  course,  and  subtract  20  from  the  sum,  the  re- 

Hence  (Algebra  Art.  127  and  lz8)  mainder  is  the  logarithm  of  d,  the  nau- 

A  F  :  B  E  : :  cos.  mid.  lat. :  tan.  course,  ^^'^fff  distance. 

Table  1  contams  the  artificial  or  loga- 

®f  ,  rithmic  sines,  tangents,  and  secants,  to 

diff.  lat. :  diflF.  long. :  :  cos.  mid.  lat. :  every  point  and  quarter  point  of  1K<^ 

tan.  course.  (D.)  compass. 

The  manner  of  finding  an  algebraical        Ta\A^  *l  Ss  so  «vax^'&  \ts.  '^"^  o^wi^ccsiss.- 
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Byinspection,  (Art.  16,)diflP.lat.  =  98'j  practice  the  diff.  lat.  and  diff.  long,  are 

and  diff.  lonp:.  =  28',06,  so  that  these  often  found    by    inspection.      As    in 

quantities  might  have  been  found  by  this  order  to  answer  the  question  we  must 

method  with  great  exactness,  without  the  resolve  a  traverse,  (Art.  22,)  we  will 

trouble  of  a  calculation ;  and  indeed  in  put  the  results  into  a  Traverse  table. 


The  distance  is  found  by  Work- 
man's rule  (Art.  52)  as  follows : 

10,015845  log.  of  d', 
9,820550  log.  of  c. 
2,970542  log.  of  L. 

22,806937 
20,000000 

2,806937  log.of  (i=  641,12  miles. 


49°  57'  44"  - 
2    49   49 


Connes. 

DUt. 

700 
100 

Diff.  Lat, 

Diff.  Long.       1 

N. 

8. 

£. 

W. 

WSW. 

NbK. 

98,08 

267,88 

28,05 

962,47 

267,88 
98,08 

962.47 
28,05 

True  course 

S74037' W 

OisL  641,12 
miles. 

169,8 
S. 

934,42 
W. 

5°  11'    5"W  + 
15    34    25 


=  47     7   55  =  the  true  latitude  in. 

With  the  true  diff.  lat.  and  long,  above 
obtained  by  resolving  the  traverse,  the 
true  course  is  found  as  in  Example  V. 

The  true  course  S  74°  37'  W  is  nearly 
WSW  f  W ;  supposing  the  variation 
2i  points  westerly,  this  will  give  a  com- 
pass course  W  b  N  ;  but  the  course  by 
compass  from  the  Lizard  to  the  South- 
ernmost of  the  Scilly  Islands  is  WiN  W, 
consequently  the  ship  will  pass  one  point 
clear  of  these  islanas,  so  far  as  our  cur- 
rent affects  her ;  but  should  the  tides 
cooperate  with  the  current,  and  produce 
a  more  rapid  drift  to  the  Northward,  the 
ship  might  be  lost  on  these  islands,  or 
the  rocks  around  them ;  which  illustrates 
our  observation  in  Article  22,  with  re- 
spect to  the  judgment  and  skill  requisite 
in  a  pilot,  to  whom  the  difficult  task 
belongs  of  estimating  and  allowing  for 
the  probable  effects  of  currents  and  tides* 

London    51°  30'  49"  N  latitude, 
Naples     40    50    15 

10    40   34  = 
diff.  lat.  =  640,56  miles. 

from  proportion  B,  we  have, 

m 

2,9352704  log.  of  L. 
10,0000000  log.  R. 

12,9352704 
2,9684829  log.  of  m. 


=  20  45  30  W  =  the  true  longitude  in. 

which  are  ever  varying  in  their  power 
and  direction,  and  therefore  embarrass, 
and  often  destroy,  the  most  experienced 
mariners. 

In  steering  across  a  river,  for  instance, 
from  point  A  to  point  B  on  the  opposite 
shore  in  a  tideway,  steer  for  a  pomt  on 
that  side  of  B/rom  which  the  tide  flows, 
and  as  much  above  or  below  B,  as  in 
your  judgment  you  conceive  the  tide 
would  have  carried  the  boat  on  the  side 
of  B  towards  which  the  tide  flows, 
during  the  passage  across,  had  it  been 
constantly  steered  in  a  direction  parallel 
to  the  line  joining  A  and  B. 

Example  V. 

Required  the  direct  course,  and  dis« 
tance  on  a  rhumb  line,  from  London  to 
Naples. 

and  6'  47"  W  longitude, 

and  14    15   45^  E. 

14    21    32  = 
diff.  long.  =  861,53  miles. 


and  by  the  plane  triangle,  ^  =  -p 

10,1345808  log.  oitf. 
2,8065598  log.  of/. 


12,9411406 
10,0000000  log.  ofR. 


9,9667875  log.  T  42°  49' 
or  the  course  is  S  42°  4 9'  E. 


2,9411406  log.  oid. 
ord=  873,25  nautical  miles. 


The  distance,  measured  on  the  arc  of  a    nautical   miles,   and    1003,63    statute 
great  circle,  will  be  found  to  be  872,22    miles,  69,04  bemg  reckoned  to  ^  ^^ 
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instead  of  revolving   round    its    axis  ing  through  a  heavenly  body  and  the 

every  twenty-four  hours  from  West  to  celestial  meridian  opposite  to  a  place,  is 

East,*  remains  at  rest ;    and  that  the  called  its  azimuth.    The  sensible  hori- 

hollow  glass  sphere  with  the  heavenly  zon  is  that  line  in  the  heavens  which  is 

bodies  upon  it  revolves  uniformly  round  the    intersection    of  a  circular   plane 

the  earth  in  the  same  time  from  East  touching  the  earth  at  the  point  at  which 

to  West :    the    suppositions  we   have  the  spectator  is  placed  and  extended  to 

made  will  accurately  represent  the  di-  the  heavens,  or  hollow  sphere ;  and  the 

umal  motions  of   those  heavenly  bo-  rationed  horizon  is  the  intersection  with 

dies : — the  axis  round  which  the  hoi-  the  heavens  of  a  circular  plane  parallel 

low  sphere  revolves  is  the  axis  of  the  to  the  former,  similarly  extended,  and 

earth  produced  from  each  of  its  extre-  passing  through  the  centre  of  the  earth, 

mities  till  it  meets  the  sphere:   let  us  When  a  heavenly  body,  the  sun   for 

imagine  great  circles  traced  out  on  the  example,  by  the  revolution  of  the  glass 

hollow  sphere  corresponding  with  and  sphere,  is  brought  opposite  to  the  meri- 

opposite  to  the  great  circles  of  the  earth  man  of  any  place,  it  is  said  to  be  on  the 

already  described ;  corresponding  to  the  meridian  of  that  place ;  and  when  it  is 

equator,  let  there  be  a  celestial  equator ;  at  a  distance  from  that  meridian,  the  an- 

corresponding  to  the  meridians,  celes-  gle  contained  at  the  pole  between  a  ce- 

ti€U  meridians ;    corresponding  to  the  lestial  meridian  passing  through  that 

poles,  poles  of  the  heavens  at  the  extre-  object,  and  the  celestial  meridian  then 

mities  of  the  axis  of  the  sphere ;  let  the  opposite  to  the  place  is  called  its  hour 

parallels  also  be  represented  in  the  same  an^le ;  for  it  expresses,  or  rather  is 

manner :   if  the  cuxxular  plane  of  the  proportional  to,  the  number  of  hours 

equator  of  the  earth  were  to  be  enlarged  which'  must  elapse  before  the  sun  is 

and  extended  so  as  to  reach  the  glass  upon  the  meridian.    When  the  sun  is 

sphere,  then  should  its  circumference  on  the  meridian  of  any   place,  it  is 

coincide  with  the  celestial  equator  traced  twelve  o*clock  at  that  place :  and,  as  the 

out  upon  that  sphere,  and  the  same  ob-  sun  is  supposed  to  revolve  round  the 

servation  applies  to  all  the  other  circles  earth  unifbrmly  in  twenty- four  hours, 

above  described ;  and  it  is  in  this  sense,  if  his  hour-angle  can  be  ascertained,  the 

therefore,  that  we  use  the  term  corre-  time  at  the  place  will  be  ascertained ; 

sponding.    If  a  straight  line  joining  the  for  the  whole  hour- angle  made  in  the 

earth's  centre,  and  any  place  on  the  course  of  his  revolution  is  equal  to  360^, 

earth^s  surface,  be  produced  until  it  which  is  described  in  twenty- four  hours ; 

meet  the  hollow  glass  sphere,  the  point  hence,  15°  of  an  hour- angle  will  be  per- 

at  which  it  meets  that  sphere  is  called  formed  in  an  hour,  &c. ;  and  by  the  rule 

the  zenith  of  that  place ;   and  as  the  of  proportion  any  number  of  aegrees  of 

sphere  revolves,  every  point  of  it  which  an  hour- angle  may  be  converted  into 

successivdy  touches  the    extremity  of  time,  and  this  time  will  express  the  time 

that    line   will   successively  become  a  btfore,  or  the  time  after  apparent  noon 

zenith  to  the  place ;   and  stars  on  the  at  the  place  of  observation, 
sphere,  which  in  succession  pass  that       But  though  the  sun  may  not  have 

line,  will  be  said  to  pass  over  the  ze-  reached    the   meridian    of  a  place  a, 

nith  of  the  place.    Tne  celestial  meri-  (Jig.  7,)  it  may  be  on  the  meridian  of  a 

dians  are  caUed  circles  of  declination :  place  e  to  the  east  of  a,  for  the  glass 

for  the  arc  of  a  celestial  meridian  inter-  sphere  revolves  from  the  east  towards 

cepted  between  any  heavenly  body  and  the  west ;  it  is  therefore  noon  at  the 

the  celestial  equator  is  not  called  its  lati-  place  «,  before  it  is  noon  at  the  place  a : 

tude,  but  its  declination.    As  each  ce-  but  if  a  mariner  placed  at  e  could,  when 

lestial  meridian  is  brought  in  succession  the  sun  was  on  his  meridian,  ascertain 

opposite  to  the  terrestrial  meridian  of  the  hour  angle  of  the  sun  from  the  me- 

any  place,  by  the    revolution  of  the  ridian  of  a,  or  how  much  it  wanted  of 

sphere,  it  acquires  the  name  of  the  ce-  being  noon  at  a  at  that  time,  he  would 

lestial  meridian  of  that  place.  then  know  his  longitude  from  a ;  fur 

Great  circles  drawn  on  the  hollow  the  longitude  is  measured  by  the  arc 

sphere  passing  through  Uie  zenith  of  EA,  which  arc  measures  likewise  the 

anyplace,  are  called  vertical  circles;  angle  contained  between  the  meridians  of 

and  that  particular  vertical  circle  which  a  and  e  at  the  pole  P,  (Art.  35  ;)  and  the 

passes  through  the  East  and  West  points  celestial  meridians,  as  they  correspond 

IS  called  the  prime  vertical ;  the  angle  with  those  meridians,  must  contain  ths. 

contained  between  a  vertical  circle  pass-  same  angle  at  Ibft  ^^^K\^  ^^%^  Vk»S 
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those  meridians  contain  at  the  terrestrial ; 
but  those  celestial  meridians  contain  the 
hour  angle  of  the  sun  from  the  meridian 
of  a,  as  appears  from  the  definition  of  an 
hour  angle ;  therefore  the  two  angles  are 
one  and  the  same  angle :  if  the  mariner 
at «,  therefore,  be  possessed  of  a  watch, 
which  shows  the  nour  angle  at  a,  or 
what  o'clock  it  is  at  a,  and  he  have  the 
means  also  of  ascertaining  at  the  same^in- 
stant  of  time  what  o'clock  it  is  at  e,  he  can 
thus  determine  the  arc  A  £,  or  the  longi- 
tude of  tf ;  and  it  is  evident  also  that  any 
other  means  of  ascertaining  what  o'clock 
it  is  at  a,  besides  a  watch,  would  answer 
the  same  purpose.  Suppose  that  the  ma- 
riner knew  that  at  twelve  o'clock  at  night  .  ,  #  J  ,.  ..  ,.,  , 
at  CI,  two  heavenly  bodies,  whose  distance  ^^^^^  °J  decbnation,  which  by  the  revo- 
from  each  other  is  contirmaUy  varying,  l«i"on  O'  the  sphere  come  in  succession 
would  be  found  at  a  certain  distance  from  <>PPOsite  to  the  mendian  of  e.  Now  as 
each  other,  say  30°,  on  a  particular  day ;  the  straight  hne  which  determines  the 
ton  that  day  at  the  spot  tf  he  ^emtij  of    a  pace  passes  through  its 


suppose  that 
watches 
tains  them 


that  on  that  day  at  the  spot  tf  he  ^*^™^.  oi    a  pace  passes  through  its 

those  heavenly  bodies,  and  ascer-  meridian,  and  lies  also  m  the  circular 

»«ui«  mem  to  be  30°  of  the  arc  of  a  great  P™®  -Z^  J^^    mendian,    the    circ-ular 

circle,  drawn  on  the  hollow  sphere,  distant  P'ane  itself  extended,  or  the  celestial 

from  each  other  :  then  let  him  ascertain  ^^^^*  "J"^^  P^^  throueh  its  zenith. 

the  time  at  e,  if  he  finds  that  time  to  be  ^^i,^  ^,  ^'^^  zenith  of  (?,let  P  be  the 

three  o'clock  in  the  morning,  as  three  "orth  pole  of  the  sphere,  and  ECQ 

hours  difference  in  time  answer  to  45°  of  *"®  celestial  equator,*  then  Z  D  and  Z  rf 

an  hour  angle,  he  may  thence  conclude,  are  arcs  of  i7<?r/tca/  circles;  if*  be  the 

that  he  is  situated  at  a  spot  45°  east  of  ^"P»  ™"  ^^^  ^^^^  H  Z  #  represents  his 

Greenwich.    The  moon  is  one  of  those  fzimuth,  and  *  P  E  his  hour  angle  from 

heavenly  bodies,  wliich  is  continually  *"®  meridian  of  e,  or  the  time  before 

changing  its  place  on  the    surface  of  "^"  ^^  ^'  J^  ^  ^^  the  moon,  m*  may 

our   sphere,   moving   from'  some  fixed  ''^P^'esent    the     distance    between    the 

stars  and  towards  others;  it  seems  to  ^^^^    and  the  sun  measured  on    the 

revolve  rapidly  round  the  sphere  from  ^^  °^  ^  ^^^^  ^^^^^^  m  *.  also  H  D  C  H' 

west  to  east  m  a  great  circle,  which  ^jepresents  the   rational  horizon  of    <?. 

makes  an  anejle  of  about  28°  with  the  }^^  ^  ^"^  S»  also,  be  two  places  of 

equator :  the  sun  seems  to  move  also,  *"®  "^P.^'J  and  sun  ;  then  S  d  and  M  D 

but  not  so  rapidly,  from  west  to  east,  and  ^^^  ^^"^  *"^  altitudes  of  the  sun  and 

the  great  circle  he  seems  to  trace  out  is  ^^^"  5  .**^^y  are  the  arcs  of    vertical 

called  the  ecliptic,  making  an  angle  of  circles  intercepted  between  those  hea- 

about  23°  with  the  equator.    Now  the  venly  bodies  and  the  rational  horizon: 

distances  of  the  moon  from  the  sun  and  X^   T^  ^if"  have  no  means  of  measuring 

nine  principal  fixed  stars  near  to  her  J)^^  "^"  *  celestial  object  is  above  that 

apparent  path,  are,  in  fact,  computed  tiorizon ;  we  can  ascertain  it,  however,  by 

and  set  down  in  the  Nautical  Almanac,  m^asunng  its  height  above  the  sensible 

as  they  would  appear  at  the  centre  of  "opo"»  and  adding  a  correction  to  that 

the  earth  every  three  hours  of  Greenwich  ^  •**V^®  ^^^  *^®  difference  between  its 

time,  on  those  days  when  the  moon  is  heights   above   the  two   horizons ;  this 

visible;   and  these  distances  therefore  coirect ion  is  called /?ara//ax. 

may  be  found  for  any  other  time  at  Besides  parallax,  there  are  two  more 

Greenwich  by  allowing  a  proportional  correchons  to  be  applied  to  the  observed 

difference.    Tliis  mode  of  ascertaining  altitudes  of  heavenly  bodies ;  these  are 

the  longitude  by  measuring  these  dis-  ^^^  refraction,  which  is  to  be  subtract- 

tances  is  called  the  lunar  mpthod.  ^^  trom  those  altitudes  ;   for  it  is  the 

(58.)  Let  the  circle  H  \l  Z  P  H'Q  {Jig,  quantity  which  heavenly  bodies  appear 

12.)  represent  one  of  the  great  circles  of  ''a^sed   above  the  sensible  horizon,  in 

our  glass  sphere;  let  it  represent  the  ce-  consequence  of  their  light  having  to  pass 

lestial  meridian  of  the  place  e  iw  fig.  7,  that       , — 

is,  it  represents  in  succession  all  those  pears* sTraightTni! '" ^^* ^^'"*  ''^  * "^'^^^  **  "^ 
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through  the  atmosphere  of  the  earth  ment  of  E  Z,  the  latitude.  IfB  had  been 
before  it  reaches  us ;  and  2ndly  the  dip : —  to  the  north  of  the  equator,  or  had  had 
the  dip  is  a  correction  rendered  neces-  north  declination,  the  declination  must 
sary  by  the  peculiar  nature  of  the  in-  have  been  subtracted ;  this  is  the  most 
struments  with  which  arcs  of  the  great  usual  mode  of  findine:  the  latitude  by 
circles  of  the  concave  sphere  are  mea-  observation  at  sea.  There  is  another, 
sured  at   sea ;    these  instruments  are  however,  which  remains  to  l>e  explained ; 
called  quadrants  or  sextants  :  the  dip  is  let  s  and  m  be  two  places  of  the  sun 
also  to  be  subtracted  from  the  observed  before  noon ;  obtain  from  observation 
altitudes,  for  it  is  occasioned  by  the  cir-  the  two  altitudes  s  d,mD,  and  conse- 
cumstanceofthe  eye  of  theobserver  being  quently  the  complements  of  those  alti- 
elevated  above  the  plane  of  the  sensible  tudes,  called  zenith  distances,  Z  s  and 
horizon,  from  which  altitudes  are  mea-  Z  m  ;  note  also  the  time  which  elapses 
sured  by  the  sextant    In  the  case  of  the  between  the  two   observations,  which 
moon  the  parallax  is  greater  than  the  re-  will  be  the    angle  mP  s,  then  in  the 
fraction  and  dip  together ;  in  the  case  of  spherical  triangle  mP  s,mP,  and  *  P, 
the  other  heavenly  bodies,  it  is    less,  the  complements  of  the  sun*s  declina* 
Thus  the  moon  appears  lower  than  its  tion  are^ven  by  the  Nautical  Almanac, 
true  place,  while  the  others,  on  the  con-  and  the  mcluded  angle  m  P  «  is  given, 
trary,  appear  higher;  therefore  m  and  making  together  three  parts,  therefore 
#  may  represent  the  true  places  of  the  the  other  parts  may  be  found;  that  is,  the 
moon  and  sun  respectively,  and  M  and  angle  P  ms,  and  the  side  m  s  may  be 
S  the  apparent  places ;  then  m  P  and  s  P  found ;  then  in  the  triangle  Z  m  «,  aU  the 
will  be  tne  complements  of  the  declina-  three  sides  are  given  to  find  the  angle 
lions  of  those  two  bodies :  the  distance  Zms;  take  away  the  known  angle  Fms, 
m  s,  or  true  distance  at  the  centre  of  the  from  the  known  angle  Zms,  and  the 
earth,  is  not  equal  to  M  S  the  apparent  angle  Z  m  P  remains,  which  is  therefore 
distance.     Pms,  M  Z  S,  &c.  represent  known ;   then  in   the  triangle    Z  m  P, 
spherical  triangles,  (Art.  35,)  drawn  on  m  Z    and   m  P  are    known,   and   the 
the  concave  surface  of    the  heavenly  included  angle  Z  m  P,  to  find  the  side 
sphere,  and  if  three  parts  of  such  tn-  Z  P,  which  also  equals  the  complement 
angles  be  given,  the  other  three  can  be  of  the  latitude.    If  the  ship  chang(>s  her 
fbund.    The  fixed  stars  have  no    pa-  latitude,  as  well  as  place,  in  the  interval 
rallax,  they  are  found  to  be  at  so  great  between  the  two  observations,  a  correc- 
a  distance  from    the  earth,  that   the  tion  is  applied,  for  the  difference  of  la- 
radius  of  the  earth  is  a  mere  point  com-  titude  maae  during  that  interval. 
pared  with  that  distance.  (60.)    Suppose  the  latitude  known, 
,  When  we  speak  of  the  altitudes  of  and  that  we  wish  to  find  the  hour  angle 
such  heavenly  bodies  as  the  sun  and  Z  P  «,  for  the  purpose  of  obtaining  the 
moon,  or  their  distances,  we  mean  the  time. ate,  and  sOso'the  azimuths  Z  H  ; 
altitudes  or  distances  of  their  centres ;  obtain  *  Z  from  observation,  as  before, 
but  altitudes  or  distances  of  their  limbs  and  *  P  by  means  of  the  Nautical  Alma- 
can  always  be  converted  into  altitudes  nac  ;  then  in  the  triangle  Z  «  P,  all  the 
or  distances  of  their  centres,  by  means  three  sides  are  given  to  find  the  angle 
6f    the  values  of  their  semidiameters  Z  P  «,  which  is  the  hour  an^le,  and  the 
given  in  the  Nauticjd  Almanac.  angle  *  Z  P,  which  is  the  azimuth  from 
(59.)  The  latitude  of  a  place  e,  or  its  H',  and  the  supplement  of  the  azimuth 
distance  from  the  equator,  measured  on  from  H  ;  but  tlie  azimuth  of  the  sun, 
its  meridian,  must  be  equal  to  the  dis-  or  any  other  object,  is  its  true  l)earing 
tance  of  its  zenith  from  the  celestial  from  the  true  meridian  of  a  place ;  for 
equator,  or  Z  E,    for  they  are  corre-  the  true  bearing  of  an  object,  *,  is  evi- 
sponding  arcs  of  circles,  (Art  1.)   Let  B  dently  measured  by  the  arc  H  d,  which 
be  a  heavenly  body  on  the  meridian  of  measures  the  angle  «  Z  H.     If  this  true 
e,  whose   declination  i9  given  in  the  bearing  be  compared  with  tlie  bearing 
Nautical  Almanac ;  let  the  mariner  at  by  compass,  the  difference  will  be  the 
e  obtain  its  true  altitude  B  H,  by  oh-  variation  of  the  compass, 
serving  its  altitude  above  the  sensible  (61.)  This  variation  of  the  compass  is 
horizon,  and  making  the  proper  allow-  the  result  of  a  slow  progressive  altera- 
ances  for  parallax,  &c. ;  let  him  look  for  tion  of  the  position  of  the  needle,  with 
the  value  of  B  E,  or  the  declination,  in  respect  to  the  true  meridian.    It  is  ob- 
that  almanac,  and  add  it  to  B  H,  this  will  served  to  move  towards  the  west,  until 
give  the  arc  £  H,  which  is  the  comple-  it  arrives  at  its  maximum.  otL\S\^i>^<^\ 
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astronomer  owes  to  navi^tion  the  best 
practical  illustration  of  the  utility  of  his 
pursuits,  and  the  gratifying^  conviction 
that  the  labours  of  his  predecessors,  in 
the  career  of  fame,  have  conferred  a  real 
benefit  on  mankind. 


The  principal  English  Treatises  on 
the  subject  of  Navigation  itself  are, 
Robertson's  Elements  of  Navigation; 
Ridge's  Treatise  on  Navijjation  and 
Nautical  Astronomy ;  Professor  In- 
man*s Treatise  on  Navigation  and  Nau- 
tical Astronomy  ;  Kerrigan's  Young 
Navigator*s  Guide  to  the  Sidereal  and 
Planetary  Parts  of  Nautical  Astro- 
nomy; Norie's  Complete  Epitome  of 
Practical  Navigation;  Bowditch's  Im- 
proved Practical  Navigator,  edited  by 
Kirby ;  and  Moore's  Practical  Naviga- 
tor. 

The  works  on  subjects  connected 
with  Navigation  are  far  too  numerous 
for  insertion  here :  we  may  mention, 
however.  Dr.  Maskelyne's  Preface  to 
the  Nautical  Almanac,  and  the  Preface  • 
to  Taylor's  Logarithms  by  the  same 
author.  Some  additions  to  the  Nau- 
tical Almanacs  of  different  years  by 
Maskelyne,   Wales,   Campbell,  Lyons, 


Witchell,  Blidr,  and  Brinkley;  Lax's 
Tables  to  be  used  with  the  Nautical 
Almanac,  &c. ;  the  Nautical  Almanac; 
Connoissance  des  Tems ;  Professor 
Schumacher's  Ephemeris,  &c. ;  Thom- 
son's Lunar  and  Horary  Tables ;  Work- 
man's Navigation  Improved ;  Investi- 
gations relative  to  the  problem  for 
clearinje;  the  Apparent  Distance,  &c.  by 
Dr.  Bnnkley,  in  the  Gentleman's  Ma- 
thematical Companion  for  the  Year 
1815;  Mendoza's  Paper  in  the  Philo- 
sophical Transactions  for  1 797  ;  Kelly's 
Practical  Introduction  to  Spherics  and 
Nautical  Astronomy;  Barlow's  Essay 
on  Magnetic  Attractions ;  Bain,  on  the 
Compass ;  Several  valuable  P^>er8  in 
the  Philosophical  Transactions  by 
Halley.  Maclaurin,  Kater,  Sabine,  Fos- 
ter, &c.  &c.  The  foreign  authors  on 
Navigation  are  also  very  numerous,  the 
modem  treatises  are,  Bezout,  Traite  de 
Navigation,  and  Dubourguet,  IVaite  de 
Navigation :  the  more  ancient  are  those 
of  Bartolomew  Crescenti,  Home,  1607 ; 
John  Baptist  Kiccioli,  Bologna,  1661, 
&c.  &c. ;  and  that  of  M.  Peter  Bou- 
guer.  1760,  abridged  and  improved  by 
M.  de  la  Caille. 
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eannot  be  affected  by  the  deviation ;  for  the  attraction  of  which^  is  now  added 
the  attractions  of  the  point  p  and  the  to  the  attraction  of  the  plate, 
earth  in  this  case  coincide:  but  when  The  proper  position  of  the  plate,  there- 
the  head  of  the  vessel  is  directed  to-  fore,  having  l)een  ascertain^  as  above 
wards  the  ma^etic  east  or  west,  then  mentioned,  or  by  the  tables  accompany- 
nearly  the  maximum  of  deviation  will  he  ing  it,*  take  a  bearing  of  any  object,  then 
produced,  for  the  iron  of  the  ship  will  fix  the  plate  in  its  position,  and  observe 
draw  the  needle  towards  the  pomt  »,  its  effect  on  the  ship*s  compass ;  allow  a 
and  in  a  direction  perpendicular  to  tne  deviation  equal  in  amount  to  the  effect 
line  of  the  attraction  of  the  earth.  produced,  but  so  that  the  bearing  with- 
When  the  ship  is  in  harbour,  place  her  out  the  plate  may  be  intermediate  be- 
head  in  the  magnetic  north,  ana  take  the  tween  the  bearing  with  the  plate,  and 
bearing  of  some  object ;  this  bearing  will  the  bearing  taken  as  the  true  one.  For 
be  free  from  deviation,  as  the  two  at-  example,  suppose  a  headland  to  bear 
tractions  coincide :  now  warp  the  ship's  due  west,  affix  the  plate  to  the  compass ; 
head  round  till  it  be  directed  towards  the  .suppose  that  the  same  headland  now 
magneticeast,  and  again  take  the  bearing  bears  W  b  N,  that  is,  the  plate  pro- 
of the  object ;  the  difference  between  this  duces  a  deviation  of  a  point  westerly-^ 
bearingand  the  former  one  will  be  the  de-  but  whatever  deviation  the  plate  pro- 
yiation,  when  the  ship's  head  is  east:  duces,  the  iron  of  the  ship  must  have  pro- 
repeat  this  experiment  in  different  posi-  duced  nearly  the  same  deviation  before 
tions  of  the  ship's  head  with  respect  to  the  plate  was  attached — therefore  the  iron 
the  magnetic  north,  and  note  the  devia-  of  the  ship  must  have  drawn  the  compass 
tions  produced  in  each  position;  these  one  point  to  the  west  of  its  true  position ; 
are  the  deviations  that  will  be  pro-  so  that  the  true  bearing  of  the  headland, 
duced  at  sea  when  the  ship  steers  those  independent  of  the  effect  of  both  iron 
particular  courses :  now  take  her  com-  and  plate,  must  l)e  W  b  S. 
pass  on  shore  and  place  it  on  the  top  of  Another  method  of  fixing  the  plate  has 
a  log  of  wood,  in  which  a  number  of  been  tried  with  success. — ^This  method 
holes  are  bored  at  the  distance  of  eight,  consists  in  fixing  it  behind,  or  abaft,  the 
nine,  ten,  &c.  inches  from  the  top ;  take  compass,  and  in  a  position  in  which  its  at- 
also  a  circular  plate  of  iron  P,  of  about  traction  will  produce  opposite  effects,  and 
a  foot  in  diameter,  screwed  on  a  brass  neutralize  that  of  the  ship's  iron :  indeed 
leg,  and  fix  it  in  one  of  these  holes;  some  late  mvestigations  by  the  distin- 
tum  the  log  round  towards  different  guished  mathematician,  M.  Poisson, 
];>oints  of  the  compass ;  and  if  the  plate  would  seem  to  show,  that  this  mode  of 
when  fixed  in  that  position  with  respect  correcting  the  deviation  is  to  be  preferred 
to  the  ship's  compass,  produces  the  same  to  the  other  plan  of  discovering  its 
effect  upon  it  at  every  point,  that  is  amount,  and  allowing  for  it  ;t  especially 
produced  on  board  the  ship  by  her  iron,  in  all  cases  where  the  deviation  is  likely 
the  experiment  is  finished ;  if  not,  try  to  be  considerable.  In  fact,  this  mode 
different  positions  of  the  plate,  until  the  of  fixing  the  plate  was  adopted  in  the 
precise  situation  is  ascertained  in  which  trials  made  on  board  H.  M.  8.  Griper, 
the  same  deviations  are  produced ;  and  in  Captain  Parry's  two  last  expedi- 
then  measure  the  distance  of  the  centre  tions,  in  high  northern  latitudes,  where 
of  the  plate  below  the  card  of  the  the  deviation  was  very  considerable,  and 
compass,  and  also  its  distance  from  the  the  success  of  the  experiments  was  not- 
veitical  line  drawn  through  the  centre  of  withstanding  very  great. 
the  card  perpendicular  to  the  earth,  and  .  We  close  our  treatise  with  a  descrip- 
take  the  compass  on  board  again  with  the  tion  of  this  simple  and  beautiful  con- 
plate.  It  is  found  by  experiment,  that  trivance  ;  it  is  the  last  improvement 
when  the  plate  is  fixed  on  ooard  the  ship  which  genius  has  fumished  to  the  prac- 
in  a  position  with  respect  to  the  compass,  tical  navigator,  and  an  invention  of  our 
similar  to  that  it  occupied  on  shore,  when  own  times.  With  respect  to  the  subject 
it  produced  corresjjondinff  deviations,  of  this  our  third  Part,  we  may  observe 
the  deviation  on  shipboard,  in  the  dif-  that  the  navigator  is  mdebted  to  the 
ferent  positions  of  the  ship's  head,  is  science  of  astronomy  for  the  most  im- 
very  nearly  doubled ;  for  very  nearly  the  portant  branch  of  his  art ;  and  that  the 
same  deviations  are  produced  by  the  •  put«i  are  aold  bj  w.  and  J,  Gilbert,  lid,  Le  .d- 

plate,  that  were  produced  by  it  on  shore  ;  enhaU  street, ftccompuied  bj  tables,  which  khow  the 

and  those  deviations  were  equal  to  the  •^''2i"ol±*  ff*lS.I^i*^r"5^  po.Uoos^ 

deviations  produced  by  the  sfiip^s  iron,  p.'m**  ^"^'^'^  ^"^"^  •^  *^^"^^  ^^  ^"^ 
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EXPLANATION  OP  SCIENTIFIC  TERMS 

MADX  USX  OF  IN  THIS  VOLUME. 


N.B.  Af  any  of  ihe  iermn  are  common  to  this  and  the  two  peceding  volumes ;  hut  those 
explanations  that  were  given  in  the  former  Glossaries  will  he  merely  referred  to  in  the 
present,  except  in  a  few  cases,  where  the  definitions  were  not  sup[iosed  to  he  sufficiently 
explicit.    Several  omissions  may  be  supplied  by  consulting  the  Indexes*. 


ABERRATION.  The  name  given  toanap-  Oiottary  II.|  article  Horizon  ;    and  Attrti- 

parent  change  of  place  in  tne  fixed  stars,  nomy^  P&i?^  ^^* 

consequent  upon  the  time  taken  up  during  AMPLITUDE  of  the  sun,  or  of  a  star. — 

the  passage  of  a  ray  of  light  to  the  eye  See  Glossary  II.,  article  Horizon;   Astro^ 

compared  with  that  of  the  earth's  annual  nomy^  page  256 ;   and  Navigation,  page 

motion.     This  is  familiarly  explained  in  30. 

the  preceding  glossaries,  and  more  scien-  ANGLE. — See  Glossary  I. 

tificallyin  the  present  volume  :—y^»/ro-    OF  ELONGATION.— See  E/ow- 

nomy,  pages  64  and  14G,  and  History  of  gation. 

Astronomy,  page  89.  ANNUAL  PARALLAX.— See  Parallax, 

ACCELERATION  OF  MOTION.— See  ANNULAR,  an  adjective,  from  the  Latin 
Glossary  I.  Acceleration  may  be  either  annuluSf  a  ring.  Those  eclipses  of  the 
regular  or  variable,  that  is,  by  equal  or  by  sun,  in  which  a  ring  of  light  is  visible 
unequal  accessions  in  equal  times.  The  around  the  dark  body  of  the  moon,  are 
motions  of  the  planets  are  continually  termed  Annular  Eclipses;  they  are  also 
accelerated,  according  to  a  known  law,  Central  EclipseSy  because  the  centres  of 
from  their  aphelion  to  their  perihelion ;  the  sun  and  of  the  moon  appear  to  coin- 
while  there  is  a  continued  retardation  in  a  cide. 
like  ratio  in  the  opposite  half  of  their  ANTARCTIC— See  Arctic, 
orbits :  the  average  of  these  motions  ANTIPODES  (Greek  ait/i,  against,  and 
through  the  whole  circuit  (the  bpace  di-  poUoSf  a  foot).  If  a  straight  Ime  be  sup- 
vided  by  the  time)  is  called  the  mean  posed  drawn  from  any  i>oint  of  the  earth's 
motion,  surface,  through  its  centre,  so  as  to  ter- 

ACOTYLEDONOUS. — See  Cotyledon,  minate  in  a  pomt  on  the  opposite  surface, 

ACRONYCAL (a  Greekcompound  denoting  two  persons    standing   on  those  points 

ihe  point  of  night)  in  its  literal  acceptation  would  be  Antipodes  to  one  another, 

denotes  the  moment  of  the  sun's  setting  or  APHELION. — ^ee  Glossary  II.  and  Astro* 

of  his  rising, — the  beginning  or  the  end  of  nomy^  page  127. 

night.   In  modem  astronomy  it  is  confined  APOGEE. — See  Glossary  II.  and  Astro* 

to  the  former;  and  a  star  is  said  to  rise  nomy,  page  19. 

or  to  set  acronieally  when  it  rises  or  seU  APPARENT  TIME.— See  Time. 

at  the  instant  of  sunset.    On  the  contrary,  APSIDES.— See  Orbit. 

when  a  star  rises  or  sets  in  the  morning  ARC   OF  A  CIRCLE. — See   Glossary  I. 

at  the  moment  of  sunrise,  it  is  said  to  rise  Angle, 

or  to  set  cosmicaUy;  but  how  this  Greek  ARCTIC.    The  Greek  arctos,  a  bear,  is  the 

derivative  has  been  so  applied  we  have  origin  of   the  two  scientific    adjectives 

not  been  able  to  determine.      In  the  case  Arctic  and  Antarctic  (anti-arrtic)  which 

of  its  cotmical  rising  or  setting,  the  star  are  equivalent  to  northern  and  southern. 

is  never  visible ;  but  when  it  appears  in  An  imaginary  line  passing  through  the 

the  morning  a  little  before  the  sun,  or  centre  of  the  earth,  and  on  which  it  turns 

sets  in  the  evening  a  little  after  him,  it  is  in  its  diurnal  rotation,  is  calle<l  its  axis  / 

said  to  rise  or  to  set  heliacally   (Greek  and  the  two  ends  of  that  line,  where  they 

kelios^  the  sun) ;   and  it  is  only  in  his  are  supposed  to  terminate  at  the  surface, 

heliacal  rising  or  setting,  that  the  planet  are  the  Poles  or  pivots  (Latin  poli),  and 

Mercury  is  ever  visible  to  the  naked  eye.  are,  respectively,  the  north  and  south  (the 

ALMANAC. — See  Calendar.      The  word  Arctic  and  Antarctic)  poles  of  our  globe, 

is  Arabic,  signi^ing  the  reckoning.  If  we  suppose  the  line  to  b<&  «s&»cA^^* 

ALTITUDE  of  the  sun,  or  of  a  8tar.«»See  botki  ^xtc^om^  '\\i  'irCiXXk^^^'^  w^  «»> 
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the  spherical  concavity  of  the  sky ;  and 
will  mark  two  points  in  the  heayens  that 
are  also  called  the  north  and  the  south 
poles,  around  which,  or  rather  their  line 
of  junction,  all  the  fixed  stars  appear 
to  revolve.  The  north  pole  of  the  heavens 
(the  only  one  visible  in  our  latitude)  is  a 
point,  situated  in  the  coustellation  called 
Una  Minorf  or  the  little  bear ;  and  a  bright 
star,  in  the  tin  of  the  tail  of  this  imaginary 
animal,  is  called  the  Poie^lar,  or  Polar- 
star,  because  near  to  the  real  pole.  Cir- 
cles supposed  to  be  drawn  round  the 
Arctic,  and  the  Antarctic  pole,  at  the  dis- 
tance of  about  23§  degrees,  are  termed, 
respectively,  the  Arctic  and  the  Antarctic 
Circle,  On  the  terrestrial  globe,  those 
circles  surround  what  are  called  the  two 
Frozen  Zoneij  or  girdles  of  the  earth. 

AREA.— See  Glostary  II. 

ASCENSION,    RIGHT.--See  Ri^hi   Am- 
cension. 

ASTRONOMICAL  UORIZON.-See  G/m- 
sarp  II.,  Horizon. 

ATMOSPHERE.— See  Glottary  I. 

REFRACTION    OF.— 

See  Glouartf  II. 

ATTRACTION— See  Glotmry  L 

AXIS. — See  Arctic,  and  A$tronomy^  V^^  ^* 

OF  AN  ELLIPSIS,  PARABOLA, 

CONE,  &c.— See  Gtouary  I.,   Cone  and 
Conic  Sectiona. 

MAJOR  AND  AXIS  MINOR  OF 


AN    ELLIPSIS,  are   the  same    as  the 

Transverse     aiul     Conjugate     Diameters^ 

which  see  in  Glo»%ary  1. 
AZIMUTH.— See  G/ouary  II.,  Astronomy, 

pp.  36  and  *256,  and  AaviyatioNf  page  *J7. 
COMPASS.— See  Glossary  II., 

and  Navigation,  page  30. 

-,  MAGNETIC— See   Glossary 


II.,  article  Horizon, 

BEARING,  in  Navigation,  is  the  situation 
of  one  place  frum  another  with  res))ect  to 
the  points  of  the  compass.  Thus  if  A  lies 
in  the  direction  of  south-west  from  B,  then 
to  an  observer  at  B,  A  is  said  to  hear 
south-west,  or  to  have  a  south-west  Bear- 
ing ;  while  to  an  observer  at  A,  the  point 
B  will  bear  north-east,  or  have  a  north- 
east Bearing. — See  Aoi'iya/ioii,  page  15. 

BKUGS.  The  Swedish  Berg  is  a  hill  or 
mountain  ;  and  hence  the  name  of  Bergs, 
or  mure  generally  IcbergSy  is  given  to 
the  mountains  of  ice  which  are  met 
with  in  the  Polar  Seas.  Flat  sheets  of 
wide-spread  ice  are  termed  Fields;  and 
small  portions  (because  found  floating) 
are  Floes. 

BISSEXTILE.— See  Calendar. 

CALENDAR  OR  KALENDAR.  This 
term  is  understood  to  have  been  derived 
from  the  Greek  kalco,  I  call  or  proclaim, 
because  the  first  appearance  of  the  new 
moon  was  watched  for  and  proclaimed; 
and  hencu  the  first  days  of  the  several 


months  were  marked  Calendm  (the  Ca- 
lends) in  the  Calendar,  or  Aimastac  of  the 
Romans. 

Time,  as  measured  by  the  revolutioiit  of 
the  sun  and  moon,  is  divided  into  ^ys, 
months,  and  years.  The  Momtha  (^Moon- 
eths)  were  at  first  meant  to  denote  the 
neriod  of  a  Imur  revolution*  or  the  time 
from  one  new  moon  to  anoUier;  and  the 
years  were  counted  by  the  revolutions  of 
the  sun: — from  the  shortest  day  {day- 
lighi)  to  the  shortest  day  again,  or  from 
the  point  of  time  of  the  vernal  eqoinox  to 
its  return.  The  lolar  year,  however,  does 
not  contain  an  even  nimiber  of  lunations ; 
and  calendars  were  made  to  shew  the  con* 
nexion  between  them.  The  earliest  known 
Roman  year  consisted  of  304  days,  divided 
into  ten  months,  or  moons ;  and  hence  the 
names  September,  October,  November, 
and  December,  from  the  Latin  wordt  for 
7,  8,  9,  and  10.  Two  more  moons  were 
prefixed  by  Numa,  making  up  354  dap, 
or  about  Iz  lunations.  Tlus  period,  how- 
ever, being  still  less  than  a  revolution  of 
the  sun,  .uUius  Cmar  reformed  the  calen- 
dar, by  lengthening  the  several  months  (to 
the  same  extent  as  thev  now  are),  so  as  the 
year  should  consist  or  365  days ;  and  as 
the  sun  is  nearly  six  hours  longer  in  per- 
forming his  apparent  annual  circuit,  every 
fourth  year  was  made  366  days,  by  adding 
a  day  to  the  month  of  February.  This 
addition  of  a  day  to  every  fourth  year  is 
known  at  present  by  the  name  of  Leap- 
year  ;  but  the  Romans  did  not  add  it  to 
the  end  of  February,  as  we  do,  but  snter- 
calatcd  it  after  the  twenty-third,  so  that 
the  twenty- fourth  day  was  counted  twice : 
this  day,  usually  termed  &x/t/i.i,  was  there- 
fore Bis-sertilis  ;  and  consequently  the 
Bissextile  is  another  name  for  Leap-year, 
The  subsequent  reformation  of  the  calen- 
dar by  Pope  Gregory  XIII.,  now  called 
the  Gregorian  Catendar,  and  the  reasons 
for  that  reformation,  are  amply,  though 
concisely  explained,  in  the  History  of  As- 
tronomy, at  pp.  37,  47,  and  48,  to  which 
we  refer. 

CALENDAR  MONTHS  contain  the  num- 
ber of  days  marked  to  each  in  the  calen- 
dar, as  distinguished  from  Lunar  Months^ 
which  are  legally  of  four  weeks  or  twenty- 
eight  days:  of  course,  neither  of  these 
periods  corresponds  to  a  lunation. 

CANICULAR  PERIOD.  The  Dog-star 
is  otherwise  called  Sirius  and  Canicula 
(Latin,  Canis,  a  dog) ;  and  what  is  con- 
nected with  that  star  is  termed  C€micttlar. 
The  Dog-days  (or  Canicular  dayn)  in  the 
ancient  calendars  were  forty  days ;  reck- 
oning twenty  before  and  twenty  after,  the 
heliacal  rising  of  Sirius.  That  period, 
being  then  the  hottest  of  the  year,  was, 
by  tne  Greeks,  accounted  the  season  of 
*'  fevers,  plagues,  and  death."  The  time 
of  the  heliacal  rising  of  the  dag«-star,  how- 
ever, (what  the  astrologers  of  old  never 
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dretmt  of,}  carles  in  consequence  of  the 
precenion  of  the  equinoxen ;  so  that,  in- 
stead of  happening  in  the  wannest  season, 
it  has  gradually  advanced  towards  the 
autumn.  The  modern  almanac  makers 
have,  therefore^  regardless  of  the  star, 
marked  the  dog-days  as  commencing  on 
the  third  of  July  and  ending  on  the 
eleventh  of  Augtut. 

The  Egyptian  year  consisted  of  365 
days ;  and  supposing  it  to  have  begun  at 
the  heliacal  rising  of  the  dog-star  (which 
they  called  Soth),  its  next  heliacal  rising 
would  be  about  six  hours  later  eveij  year; 
so  that  a  period  of  1 46 1  years  would  elapse 
before  that  star  would  a^ain  rise  heliacally 
at  the  beginning  of  their  year.  This  they 
knew,  and  it  has  been  termed  the  Sothic, 
or  CanicuJar  period, — See  Atironomy,  pp. 
15  and  43. 

CAPE.-'See  Head/and. 

CENTRAL  ECLIPSE.— See  jinnutar. 

CENTRIFUGAL  FORCE.— See  Glottary 
I.,  and  History  of  Astronomy f  pp.  76,  77, 

CENTRIPETAL  FORCE.— See  GloMtary 
II.,  and  Mathematical  Geography,  page 
24. 

CHARTS,  in  Geography  and  Navigation, 
are  representations  of  portions  of  the 
earth*s  surface  on  paper,  according  to 
scales  which  regulate  the  relative  pro- 
portions of  the  parts.  G^graphical  charts 
are  more  usually  called  Maps,  being  ge- 
neral ;  but  Nautical,  or  Marine  Charts  are 
particularly  appropriated  to  dehneations  of 
a  coast  and  part  of  the  adjacent  sea. 
Marine  Charts  are  constructed  by  two 
different  methods.  In  a  Plane  Chart,  the 
meridians  as  well  as  the  latitudes  are  re- 
presented by  equidistant  and  straight 
parallel  lines;  and,  consequently,  the 
longitudes  and  latitudes  appear  equal,  dif- 
fering from  the  fact.  In  a  Mercator's 
CAar/,the  meridians  as  well  as  the  circles 
of  latitude  are  also  represented  by  straight 
parallel  lines;  but  the  distance  of  the 
latter  increase  in  a  determinate  ratio  from 
the  equator  to  the  poles. — See  Navigation, 
pages  7  and  17. 

CHORD  OF  AN  ARC— See  Otouary  I., 
Angle, 

CIRCLE,  DIVISION  AND  PARTS  OF. 
—See  Glossary  1,,  Angle,  and  Asfnmomy, 
page  8,  note. 

-GREAT,   OF   A   SPHERE.    A 

^at  circle  of  a  sphere  is  any  circle  which 
is  formed  by  a  plane  supjioscd  to  pass 
through  its  centre. 

CIRCLES,  CONCENTRIC  AND  EC- 
CENTRIC—See  Concentric  Circles. 

OF    DECLINATION.— See 

Decimation  and  Navigation,  page  27. 

.,  SECONDARY.— See    Astro- 


nomy, page  1 6. 

.,  VERTICAL.— Seo  Glossary  I. 


Horizon  and  Astronomy,  page  16. 

CIRCUMPOLAR  STARS.     On  referring 

to  the  explanation  of  Aretio,  we  tee  why 


all  the  fixed  stars  appear  to  rei olve  round 
the  poles.  At  every  place  of  the  earth, 
except  on  the  equinoxial,  one  or  other  of 
the  poles  is  always  elevated  above  the 
horison  to  a  deg^ree  equal  to  the  latitude 
of  that  place.  Certain  stars,  according 
to  their  vicinity  to  the  pole,  notwith- 
standing they  also  apparently  move  round 
it,  will  never  fall  so  low  as  the  horison ; 
those  never  set|  and  are  termed  drcmnr 

£)olar  Stars, 
EPSYDRA,  an  instrument  used  by  the 
ancients  for  measuring  time.  It  received 
various  improvements,  but  the  general 
principle  was  that  of  the  gradual  dropping 
of  water  from  one  vessel  into  another,  m  the 
manner  of  a  sand-glass ;  to  which  latter, 
the  name  of  Clepsydra  was  sometimes 
incongruously  g^ven. 
CLIMATE.  In  its  geographical  and  tech- 
nical application.  Climate,  or  CHme,  de- 
notes an  imaginary  narrow  belt  of  the 
globe,  parallel  to  the  equator ;  and  is  so 
called  from  the  Greek  clima,  inclination, 
because  the  difference  of  climates  depends 
on  the  inclination,  or  obliquity  of  the 
sphere.  The  belts  constituting  the  several 
climates  are  small,  depen<hng  on  the 
average  length  of  the  longest  day :  that 
of  each  increasing  by  half  an  hour,  from 
the  equator  to  the  polar  circles,  when  the 
climates  are  counted  by  months,  tiU  they 
reach  the  poles.  In  a  more  popular  and 
accurate  sense,  a  Climate  is  desig^ted 
(as  hot  or  cold,  dry  or  moist)  from  the 
comparative  degree  of  heat  and  moisture 
which  generally  exists  in  its  atmosphere. 
— See  Physical  Geography,  page  34* 
COLURES.— See  Ecliptic  and  ilf/roMomy, 

page  62. 
COMPASS.— See  Glostary  II. 
COMPLEMENT  OF  AN  ANGLE   OR 
ARC  is  what  it  wants  to  complete  the 
quadrant,  or  right  angle. 
CONCENTRIC    CIRCLES  are  such  as 
have  the  same  centre,  the  one  surrounding 
the  other  as  with  a  ring.    Circles  that 
are    wholly,    or   partially,   included    in 
another,  but  have  different  centres,  are 
termed  Eccentric. 
CONCENTRIC  TH£ORYw--See  Epicycle. 
CONE,  RIGHT  AND  OBLIQUK--See 

Glossary  I.,  Cone, 
CONIC  SECTIONS.— See  Glostary  I. 
CONJUGATE  DIAM£T£RS^--See  Glos- 
sary I.,  Conic  Sections. 
CONJUNCTION  OF  THE  SUN  AND 
PLANETS.     The  planets,  relatively  to 
the  earth,  are  separated  into  two  divisions, 
Inferior  and  Superior  t  the  former  having 
their  orbits  within,  and  the  latter  withmit, 
that  of  the  earth.  When  a  planet,  as  seen 
from  the  earth,  is  in  the  same  direction  as 
the  sun,  it  is  said  to  be  in  conjunction 
with  the  sun.    This,  however,  in  the  case 
of  an  inferior  planet,  may  be  either  when 
it  passes  between  the  sun  andiVft  ^%9^2q.^ 


MxruMiaxm  of  sasBTinc 


tattfr  tW 


Cmjumititm.    Atm- 

piwiMg  bttwggi  the 

vidi  tW  sa  dmiBi^  its  1 
[stiKpoiataf  iUOTfait,ir£B  thecsitiiis 
WtvtcsitMdthe 
to  be  Hi  Oj^ptwinm  to 
Jmmttmmt  akd  Opfmkmms  of  the 
Ittve  the  geacnl  naaKef 
Qmmdrmtwm.  The  aa^  madcr  vbick  ve 
Me  the  dktaaceof  aplaaci  firooi  the  sob 
(ndocedtotheediptk)  »  called  iU  aIm*. 
mmi'wm^ — ^See  Atirnmomtf,  page  7&* 

CXINSTELLATIONS.  The  whole  of  the 
fixed  ftsfs  are  ayportioucd  into  tcparate 
grodpa  tciincd  CcmaUUmiiotm,  eadi  of 
which  is  included  within  the  outline  of  a 
certain  laf^art  (diiefiy  of  an  animal)  which 
is  ima^ned  to  be  dimwn  on  the  concnwe  of 
the  akj.  FortT-«i||^  of  thcee  eoniftelU- 
tiona  aie  of  unlmown  antiqoitj.  The 
twelve  that  ocetqijr  the  zodiac  are  termed 
the  Twelve  &^.-~See  Zodiac, 

CO-8ECAMT8,     <^  These  are  the  SeewUt, 

I  SimeM,  and  ToMfeaU,  of 

CO-SINES,  Urcs  that  are  the  com- 

(plements   of  those    in 

CO-TANGENTS. )  qurstion. 

COSMIC AL,  a  term  applied  to  the  rising 
or  setting  of  a  star,  and  opposed  to  jicro' 
mftrai,  which  see. 

COTYLEDON.  The  embryo,  which  con- 
stitutes the  rital  principle  of  a  vegetable 
seed,  is  termed  the  Corcu/um^  being  a 
Latin  diminutive,  signifying  u  /iit/e  heart, 
which  in  many  csmch  its  shape  resembles. 
Thi«  (Wcuium  connists  of  two  parts  :  the 
Rnatetiunif  or  radicle,  which,  descending, 
iK'comes  the  root ;  and  the  Piumuia,  or 
feather,  which,  ascending,  becomes  the 
stem  and  leaves.  A  pair  (for  some  emi- 
nent botanists  assert  that  thcv  are  never 
single)  of  roundish  or  compressed  bodies 
constituting  the  chief  bulk  of  most  seeds, 
and  immediately  attached  to  the  Corcu/untf 
have  been  named  (Cotyledons  or  Seed-ZobfSj 
from  a  Greek  word  signifying  a  cavity. 
These  generally  r'se  out  of  the  ground  with 
the  l*iumuia^  and  assume  the  appearance 
of  leaves  (though  imlike  those  of  the  fu- 
ture plant) ;  and  when  the  real  foliage 
comes  forth,  they  droop  and  die.  In  the 
natural  classification  of  Jussieu,  all  plants 
are  divided,  in  the  first  instance,  into  three 
divisions  :  those  of  which  the  seeds  have 
only  one  CotyUdon^  termed  Monocotyledo- 
nout ;  those  which  have  two  CotyiedofiSf 
termed  Dicotyledonout ;  and  those  in 
which  Cotyledont  are  altogether  wanting, 
or  Arotyhdonoua. 

CRUSTACEOUS.  For  the  explanation  of 
this  term,  and  its  distinction  from  Testa- 
ceouSf  see  Physical  Geography^  page  49, 
note. 

CRYHTOGAMOUS.    In  the  sexual  system 

of  Linnicus  the  fructification  of  plants  is 

••cribcd  to  certain  essential  parts  of  the 


CULMINATION  is  the  transit  «rf  a  star 
ofer  the  vKridiany  or  the  point  of  its 
highest  altitade. 

CURVATURE,  RADIUS  OF.— See  i«e- 
dim  sf  Cmrwaimre. 

CURVK— See  Ghtmry  h, 

CUSPS^— See  PkoMeM. 

CYCLE  is  a  period  of  time  during  which 
eertain  natural  phenomena  eomplete  their 
nmnd ;  so  as  to  begin  anew,  and  eooti- 
nnallj  occupy  another  cjde  equal  to  the 
past.  TheGreekryc/Misliteialljactrcife. 

MKTONIC— See  Efstei. 

CYCLOID.— See  GUnan/  L,  and  TrockM 

in  the  preaenL 

DAY.  In  common  language,  dm§  is  op- 
posed to  ni^ki,  as  light  to  darfcnem ;  but, 
in  this  usage,  its  lengths  are  Teiy  unequal, 
Taijing  with  the  latitude  of  the  place, 
and  the  time  of  the  year ;  for,  within  the 
polar  circles,  there  are  weeks  and  months 
in  which  the  sun  never  seta,  and  equal 
periods  in  which  he  never  rises.  In  all 
other  climates,  however,  the  day  and  ni^ht 
together,  that  is,  Irom  sunrise  to  sunrise, 
always  make  up  a  period,  nearly  equal, 
which  is  called  the  SoUr  Day,  This  day 
is  divided  into  twenty-four  equal  hours ; 
and  these  hours,  counted  from  noon  and 
enumerated  from  one  to  twenty-four, 
make  the  solar  day  of  the  astronomers. 
The  Civil  Day  begins  at  midnight,  and  is 
counted  in  two  portions  of  twelve  hours 
each :  from  midnight  to  noon,  and  from 
noon  to  the  succeeding  midnight. 

Though  in  the  course  of  the  year  the 
earth  must  have  revolved  36 5 1  times  on 
its  axis,  making  so  many  real  solar  days, 
those  days  arc  not  of  uniform  length, 
some  being  longer  and  some  shorter  than 
the  average.  This  average  is  termed 
Mean  Time,  and  a  chronometer  regulated 
to  this  average  agrees  with  the  true  solar 
day  only  at  four  points  of  the  year.  The 
accumulated  difference  of  the  two  modes 
of  raeasiu-ement  is  called  the  Equation  of 
Time, 

SIDEREAL,  is    the    time    which 

elapses  between  that  of  a  star  being  in 
the  meridian  of  a  place  to  the  moment 
when  it  arrives  at  the  meridian  again. 
This  period  is  always  the  same,  not  being 
affected  by  the  motion  of  the  earth  in 
her  orbit,  as  the  solar  day  is.  The  side- 
real day  is  about  four  mmutes  less  than 
the  mean  solar  day. 

DECUNATION.  The  declination  of  a 
celestial  body  is  its  perpendicular  distance 
from  the  equator,  measured  on  a  meridian 
or  great  circle  passing  through  the  object 
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and  the  poles  of  the  heavens.  Such  a 
great  circle  is  called  a  Circte  of  Declinef 
nation.  Declination  on  the  celestial  globe 
corresponds  with  latitude  on  the  terres- 
trial;  and  the  ParalleU  of  Deciinaiion 
are  similar  to  the  ParalleU  of  Latitude* 

DEFERENT  CIRCLE.— See  Epicycle. 

DENSITY.— See  Qlouary  I. 

DELTA.  The  mouths  of  certain  rivers  so 
called. — See  Phytical  Geography,  page  9, 
note. 

DEPARTURES.— See  Navigation,  ^age  4. 

DIAMETERS,  TRANSVERSE  AND 
CONJUGATE.— See  Olouaryl.  Come 
Sections. 

DICHOTOMISE,  a  Greek  compound  sig- 
nifying  to  cut  in  two  equal  and  similar 
parts.— See  Quadratures. 

DICOTYLEDONOUS.— See  Cotyledon. 

DIGIT  (Latin  digitus,  a  finger)  i»  an  old 
measure  of  a  finger's  breadth.  In  Astro- 
nomy it  is  accounted  the  twelfth  part  of 
the  diameter  oi  the  sun  or  moon  ;  thus  we 
say  that  the  moon  is  six  digits  eclipsed, 
when  half  of  her  face  is  covered  by  the 
earth^s  shadow. 

DIRECT  AND  INVERSE  PROPOR- 
TION, or  Ratio,     See  Glossary  II.  Ratio, 

DISC.  The  Discus  of  the  ancients  was  a 
circular  piece  of  wood,  stone»  or  metal, 
which  they  used  in  their  games.  In 
Astronomy  it  is  a  name  for  the  apparent 
face  of  the  sun  or  moon.  The  faces  of  the 
planets  may  also  be  termed  Discs  when 
viewed  through  the  telescope. 

DRIFT  IN  NAVIGATION  denotes  the 
angle  which  the  line  of  a  ship's  motion 
makes  with  the  nearest  meridian,  when 
she  drive*  with  her  side  to  the  wind,  and 
is  not  governed  by  the  power  of  the  helm ; 
and  also  the  distance  which  the  ship 
drives  on  that  line  only  in  a  storm.  The 
Drift  of  a  current  is  its  velocity  and  the 
direction  of  its  motion. 

EBB-TIDE.— See  Tides. 

ECCENTRIC  CIRCLES.— See  Concentric 
Circles, 

ECCENTRICITY.  Referring  to  this  word 
in  Glossary  II.  we  observe  an  error :  for 
«  the  distance  between,"  read  <<  half  the 
distance  between." 

ECLIPTIC.  The  position  of  this  great 
circle  in  the  heavens  is  given  under  the 
head  of  Equator,  The  Ecliptic,  like  all 
other  great  circles,  is  supposed  to  be  di- 
vided into  degrees  and  minutes,  and  has 
its  poles,  through  which  other  imaginary 
circles  are  drawn.  These  latter  may  be 
compared  to  the  circles  of  longitude,  or 
meridians,  on  the  terrestrial  globe ;  the 
longitude  of  a  star  being  counted  on  the 
Ecliptic,  in  degrees  and  minutes,  from  the 
first  degree  of  Aries  (which  is  the  vernal 
equinoctial  point)  in  the  same  way  as  the 
terrestrial  longitude  is  counted  upon  the 
cnquinoctia)  Jiiie  ijrom  the  standard  me- 
ridiim. 


The  lowest  point  of  the  Ecliptic,  that  in 
which  the  sun  seems  to  pause  in  his  orbit 
and  begins  again  to  ascend,  is  called  the 
ff 'inter  Solsttee  ;  and  the  highest  point  iu 
his  career,  when  he  begins  again  to  de- 
scend, is  the  Summer  SolsticCf  which  two 
Solstices  (Latin  Sol,  the  sun,  and  «/o,  to 
stand)  make,  respectively,  in  our  latitude, 
the  shortest  and  the  longest  day.  Circles 
drawn  parallel  to  the  Kqtiator  through 
these  points  are  termed  Tropical  Circles, 
from  the  Greek  trope,  a  turning;  and  the 
included  corresponding  portion  of  the 
earth,  forming  the  Torrid  Zone,  is  said  to 
lie  between  the  Tropics,  In  the  celestial 
sphere,  the  Tropical  circle  at  the  Summer 
Solstice  is  the  Tropic  of  Cancer;  and  that 
of  the  Winter  Solstice  is  the  Tropic  of 
Capricorn  i  because  (at  one  time)  termi- 
nating respectively  at  those  signs  of  the 
Zodiac.  We  say,  at  one  time,  for  these 
points,  though  they  retain  the  same  de- 
signation, continually,  though  slowly, 
change  their  situation  in  the  heavens,  on 
account  of  the  Precession  of  the  Equinoxes, 
A  great  circle,  crossing  the  Equator  at 
right  angles,  and  passing  through  the 
two  Solstitial  points,  is  called  the  Solstitial 
Colure;  while  another,  passing  through 
the  Equinoctial  points,  is  the  Equinoctial 
Colure. — See  Astronomy,  pages  17  and  62. 
ELLIPSIS.— See  Orbit,  and  Glossary  1, 
ELONGATION.— See  Conjunction, 
EPACT.  The  year  of  365}  days  contains 
twelve  lunations  and  nearly  eleven  days 
more ;  so  that,  were  it  to  begin  with  the 
new  moon,  she  would  be  eleven  days  old 
on  the  first  day  of  the  succeeding  year ;  the 
next  year  she  would  be  twenty-two  days ; 
and  on  the  third  new  year's  day  she  would 
have  passed  a  whole  lunation  and  about 
three  days  more.  The  age  of  the  moon 
(thus  varying)  on  the  &st  day  of  any 
year  is  termed  the  Epact,  from  a  Greek 
word  signifying  adscititious.  Those  Epacts 
will  form  a  varying  series  for  nineteen  years, 
when  the  new  moon  will  again  nearly 
coincide  with  the  close  of  the  year.  This 
period  of  nineteen  years  is  called  the  Me- 
tonic  Cycle,  from  Meton  its  inventor ;  and 
the  number  of  the  years  that  have  passed 
since  the  last  coincidence  (when  the  Epact 
was  nothing)  is  called  the  Golden  Number. 
— See  Calmdar, 
XPI CYCLE,  a  Greek  derivative  signifying  a 
Circle  upon  a  Circle,  It  was  a  prejudiced 
opinion  among  the  ancient  astronomers, 
that  the  motions  of  the  heavenly  bodies 
must  necessarily  bo  in  circles  :  and,  in 
order  to  make  that  doctrine  tally  with  ob- 
servation, they  invented,  in  succession,  the 
two  theories  of  Epicycles  and  Eccentrics, 
In  the  former,  called  also  the  Concentria 
Theory,  the  earth  was  supposed  to  be 
placed  in  the  centre  of  o.  cvt^V:^  ^w  *<^^ 
cixc\xmS«ic;ncA  oIviWOcl  ^^  ^«csX^»vkS.  '•BBin 


EXPLANATION  OF  8CIBNTIFIG  TBRM& 


Epicycle)  the  planet  was  imagined  to 
move :  a  suppoitition  which  accounted,  in 
lome  degree,  for  the  apparent  irregulari- 
ties of  its  motion.  The  primary  circle 
was  called  the  Deferent,  In  the  Eccentric 
theory f  the  earth  was  also  placed  sta- 
tionary in  the  centre  of  the  starry  sphere ; 
but  the  sun  was  carried  round  in  a  circle, 
the  centre  of  which  was  eccentric  from 
that  of  the  earth.    Thus,  says  Milton : — 

"  They  gird  the  sphere 
With  centric  and  eccentric  scribbled  o'er, 
Cycle  and  epicycle,  orb  in  orb." 

See  on  this  subject,  History  of  AstrO' 
Momy,  pages  26-^1. — See  also  Concentric 
Cirolea. 
EPICYCLOID.— See  Cycled.  If  a  circle 
roll  upon  the  circumference  of  another 
circle  instead  of  a  straight  line,  points 
either  on,  within,  or  without  its  circum* 
ference,  if  on  the  same  plane,  will  form 
varieties  of  Epicycioidt. 

EQUATION  OF  THE  CENTRE.— See 
Orbitf  and  Radius  Fector, 

OF  TIME.— See  Day, 

EQUATOR.  An  imaginary  great  circle  of 
a  sphere,  equally  distant  from  the  poles 
of  its  rotatory  motion,  is  termed,  in  Astro- 
nomy, the  Equator,  whatever  that  sphere 
may  be :  thus  we  speak  of  the  Equator 
and  the  Equatorial  portion  of  Jupiter.  On 
terrestrial  globes  and  maps  of  the  earth  it 
is  usiially  called  the  Equinoctial  Line,  or 
simply  the  Line. 

On  celestial  globes  that  figure  the  con- 
cavity of  the  heavens^  the  Equator  is 
crossed  at  an  angle  of  about  twenty-three 
and  a  half  degrees,  by  another  great  circle 
called  the  Ecliptic,  which  represents  the 
apparent  path  of  the  sun,  through  the 
twelve  signs,  in  his  annual  course.  The 
Kcliptic  crosses  the  Equator  in  two  oppo- 
site points  called  the  Equinoxes  (Latin 
equi  and  noctes),  because  it  is  only  when 
the  sun  is  in  one  or  other  of  those  points 
in  the  heavens  that  the  length  of  the  day 
is  exactly  equal  to  that  of  the  night.  The 
two  Equinoxes  are  denominated,  one  the 
lemal  and  the  other  the  Autumnal^  be- 
cause they  are  crossed  by  the  sun  re- 
spectively in  the  spring  and  autumn.  The 
Equinoctial  Points,  where  the  ecliptic  thus 
intersects  the  equator,  are  not  stationary 
with  respect  to  the  fixed  stars,  but  are  re- 
gularly, though  slowly,  moving  backwards; 
and  this  retrograde  motion  is  called  the 
Precession  of  the  Equinoxes.  For  a  parti- 
cular explanation  of  this  latter  subject,  see 
Astronomy f  pages  36 — 40. 

EQUINOX,  AND  EQUINOCTIAL 
POINTS.— See  Equator. 

EVECTION  is  one  of  the  most  consider- 
able of  the  lunar  irregularities,  and  was 
discovered  by  Ptolemy.  It  is  periodical, 
running  through  all  its  changes  in  about 
twenty-seven  days. — See  Astronomy,  page 
■vu* 


EXTREME  AND  MEAN  RATIO. 

History  of  Astronomy,  page  63.  A  line  is 
80  divided,  when  the  rectangle  under  the 
whole  line  and  the  lesser  segment  is  equal 
to  the  square  of  the  greater  segment;  and 
heuce  the  whole  line  is  to  the  greater  seg- 
ment as  that  greater  segment  is  to  the 
lesser.  The  segments  of  such  a  division, 
being  incommensurable  with  the  whole 
line,  cannot  be  exactly  given  in  nimibers  ; 
but  the  geometrical  construction  is  easy. 
— See  Euclid's  Elentents,  Book  IL  prop.  xi. 

FIELDS  OF  ICE.— See  Berys. 
FLOES.— See  Berqs. 
FLOOD-TIDE.— See  Tide*. 
FOCUS.^See  Glossary  I. 
FORCE,     CENTRIFUGAL.--See     G/m- 
saryl, 

CENTRIPETAL.— SwGtowary  1 1. 

FORMULA See  Glossary  II. 

GENUS.  In  Natural  History,  a  number  of 
objects,  such  as  animals  and  plants,  are 
foimd  to  possess  certain  characteristics  in 
common ;  and  such  are  classed  together, 
by  the  makers  of  systems,  under  one  head, 
or  kind,  termed  a  Genus,  The  other  fjer- 
manent  diffisrences  between  the  individuals 
of  the  same  genus  constitute  Species;  and 
the  accidental  differences  found  among 
the  species  are  termed  Varieties,  Genus 
(kind)  is  Latin ;  and,  in  transferring  the 
word  into  English,  wo  have  also  adopted 
its  plural,  genera. 

GEOCENTRIC.  The  Greek ^r^,  the  earth, 
is  the  root  of  a  numerous  class  of  well- 
known  scientific  terms,  such  as  Geography, 
Geology,  Geometry^  &c.  Geocentric  is 
having  the  same  centre  as  the  earth,  or 
having  the  earth  for  its  centre.  Thus  the 
moon*s  orbit  is  Gteoccntric ;  but  the  orbits 
of  the  other  planets,  and  of  the  earth  it- 
self, are  Heliocentric  (Greek  helios,  the 
sun),  having  the  sun  as  their  centre  of 
motion.  The  Geoceutric  place  o(  ajtlanut 
is  the  place  in  which  it  would  appear  to 
an  eye  in  the  centre  of  the  earth.  The 
Geocentric  Latitude  of  a  planet  is  its  lati- 
tude as  seen  from  the  earth  ;  or  it  is  the 
inclination  of  a  line  connecting  the  planet 
and  the  earth  to  the  plane  of  the  ecliptic. 
The  Geocentric  Longitude  of  a  pltmet  is 
the  distance,  measured  on  the  Ecliptic^  in 
the  order  of  the  signs,  between  the  Geo- 
centric place  and  the  first  point  of  Aries. 

GEODESICAL,  OR  GEODETICAL,  de- 
notes something  belonging  to,  or  con- 
nected with,  the  mensuration  of  the  earth's 
surface. 

GIBBOUS.  The  Latin  gihbus  is  protube- 
rant, in  the  manner  of  a  Hunchhack.  In 
English,  the  term  is  applied  to  designate 
that  appearance  of  the  moon  (some  days 
before  and  after  the  full)  in  which  more 
than  half  her  disc  is  enlightened ;  the 
line  between  light  and  dark  being  curved, 
or  bulged  outwards. — See  Phases, 
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GNOMON,  the  name  of  an  upright  pillar,  Ecliptic  which  rose  above  the  horizon  at  the 

from  the  ihadow  of  which  the  ancient  hour  in    question;    that  point   was    the 

astronomers  determined  the  altitude  of  the  Ascendant  \  and  the  planet  to  which  the 

sun.     By  its  means  they  also  calculated  sign  was    appropriated  was  termed    the 

the  altitudes  of  the  other  heavenly  bodies.  Lord  of  the  Ascendant ^  and  had  its  influ- 

Gnomons  of  great  height,  with  meridian  ence  over  the  fate  of  the  new-bom  child. — 

lines  attached  to  them,  are  still  common  See  History  of  Astronomy^  page  36. 

in  France  and  Italy.    The  style  of  a  dial  HYGROMETER,  a  Greek  compound,  signi- 

is  likewise  termed  a  gnomon.  fying  *  meter  or  measurer  of  moisture. — 

GOLDEN  NUMBER.— See  Epact,  See  Qlotsary  II. 

GRAVITY.— See  Giouary  I.  HYPOTENUSE.— See  Triangle 

GREAT  CIRCLE  OF  A  SPHERE.— See  HYPOTHESIS.— See  Glossary  IL  Indue 

Circie,  tion, 

GREGORIAN    CALENDAR.— See    Ca- 
lendar. INCIDENCE   AND  REFRACTION  OF 

GULF.     A   Gui/oT  Guiphf  is  a  portion  of  LIGHT,  Laws  of.— See  Glossary  I.  Re- 

the  ocean  running  up  into  the  land  be*  fractive  Power. 

tween  two  promontories,  and  spreading  out  INTERCALATION. — See  Calendar, 

into  a  capacious  Bay.    A  Bay  {Bow)  ia  INVERSE    RATIO.— See     Glossary    II. 

a  projection  of  the  ocean  into  the  land,  but  Ratio, 

is  not  necessarily  a  Gnlph^  which  includes  ISOTHERMAL  (Greek  isos,  equal,and  ther" 

the  idea  of  a  sort  of  abyss  where  the  wa-  mos,  warm)  having  the  same  heat  or  tem- 

ters  are  engulphed,  or  swallowed  up.  perature.     For  the  Isothermal  lines^  or  lines 

on  the  globe  that  pass  through  places  of 

HEADLAND.       Any   projection    of   the  equal    temperature,    see    Physical     Geo- 

land   into  the   sea,   may  be   termed    a  ^rapAy,  page  37. 
Headland  \    but  a   Cape  is  a  Headland 

which  has  been  distinguished  from  others  JULIAN  CALENDAR. — See  Calendar. 
by  a  particular  designation :  thus  the  Cape 

of  Good  Hope  (called  by  way  of  eminence  KNOTS. — See  Log^ine, 
the  Cape)  and  Cape  Horn  are  in  fact  Head- 
lands,   A  Promontory  is  also  a  Headland ;  LAGUNES,   extensive  sheets  of  shallow 
but  agreeing  with    its   Latin   derivation  water,  particularly  described  at  page  13  of 
{promoniorium)  it  has  the  name  of  Pro-  Physical  Geography, 
montory  only  when  the  projecting  head  of  LAKES.    For  a  clear  account  of  the  four 
land  is  a  high  point  or  a  rock.  classes  of  Lakes,  see  Physical  Geography, 

HELIACAL    and    HELIACALLY   (see  page  9. 

Acronycal)  are  formed   from    the  Greek  LARBOARD.    When  standing  at  the  stern 

helios,  the  sun.     Helix,  a  spiral,  has  the  of  a  ship  and  looking  towards  the  prow, 

adjective  and  adverb,  f/f/ica/ and  £/e/ii'oa//y.  the  left-hand  side  is  termed  the  larboard 

HELIOCENTRIC  expresses  the  same  rela-  and  the  right  hand  side  the  starboard. 

tiou  to  the  sun,  that  Geocentric  (which  set)  LATITUDE,  on  the  earth,  is  the  expression 

does  to  the  earlh.    Thus  the  Heliocentric  of  the  distance  of  a  place  from  the  Equa- 

place  of  a  planet  is  the  point  of  the  ecliptic  tor,  measured  in  degrees  and  minutes  of  a 

in  which  that  planet,  viewed  from  the  sun,  great  circle.     See  Declination. 

would  appear  to  be,  and  therefore  coin-  LATITUDE,  GEOCENTRIC— See    Geo- 

cides  with  its  Longitude  as  seen  from  the  centric, 

sun's  centre.    The   Heliocentric  Latitude    HELIOCENTRIC.     See  He- 

of  a  planet  is  the  inclination  of  a  line,  liocentric, 

drawn  between  the  centres  of  the  sun  and  LAW  OF  THE  SINES.— See  Glossary  I. 

planet,  to  the  plane  of  the  Ecliptic.  Refractive  Power, 

HOMOCENTRIC    (Greek  homos,   alike,)  LEAP-YEAR.— See  Calendar, 

is  equivalent  to  Gmcen/nc,  which  fef.  LEEWARD.     IN    NAVIGATION,    the 

HORIZON,  rational  and  sensible.  See  Glos-  lee-side  of  a  ship  is    that  half  of  a  ship 

§ary  II.  (divided  lengthways)  which  is  opposite 

HOROSCOPE,    a  Greek   compound,   de-  to  that  on  which  the  wind  blows  when  it 

Tkoiing  A  view  of  the  hour,  was  the  name,  crosses  her  course,   and  which  is  called 

given  by  the  astrologers,  to  a  scheme,  or  the  weather-eide.    All  objects  on  the  lee- 

gure,  of  the  twelve  signs  of  the  todiac  at  sidesLxe  said  to  be  to  the  leeward,  and  those 

any  particular  hour ;   generally  that   in  on  the  weather-side  to  the  windward  of  the 

which  a  man  was  bom,  by  which  it  was  vessel. 

pretended  to  predict  his  fortune  through  LEEWAY  is  the  angle  made  by  the  line  on 

me.    The  signs  were   called  Houses,  as  which  the  ship  should  run,  according  to 

being  the  monthly  abodes  of  the  sun,  and,  the  point  of  the  compass  steered  upon,  and 

besides,  every  hoiise  was  appropriated  to  the  real  line  of  the  ship's  way  occasioned 

lome  planet,  every  planet  having  two.   In  by  contrary  winds,  rough  sea,  or  the  set 

a  more  particular  application  the  Horo-  of  a  current. 

eeope  deiMyted  the  point  and  sign  of  the  LEGUMINOUS,  a  ^nex^V  ^-^^^sbSs&s^cnss^ 
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for  those  plants  that  bear  Legmnei,  or 
pods,  such  as  peas  and  beans  ;  the  com- 
mon English  term  is  pu/se.  They  consti- 
tute an  order  in  the  botanical  system  of 
Jussieu. 

LEVEL.— See  G/ottary  I. 

LIBRATION  OF  THE  MOON.  Though 
the  moon  always  presents  nearly  the  same 
face  to  the  earth,  yet  we  sometimes  seo 
more  of  the  eastern  hemisphere,  and  at 
other  times,  more  of  the  western.  The 
tame  variation  is  occasionally  observable 
in  the  northern  and  southern  nemisphercs, 
and  this  oscillation  is  called  her  Libration. 
See  ^f/ronomy,  pages  83  and  84. 

LIGHT.—See  Glossary  I. 

LIMB,  with  Astronomers,  designates  the 
curved  edge  of  a  circle,  such  as  the  di- 
vided /imb  of  a  quadrant,  and  the  outer- 
most border  of  tne  sun  or  moon.  In  their 
observations,  for  example,  they  speak  of  the 
moon't  lower  or  upper  iimb,  and  even  of 
her  eastern  or  western  limb ;  and  especially 
in  the  case  of  an  eclipse,  when  a  portion  of 
her  disc  is  obscured. 

LINE  OF  THE  NODES.    See  Orlnt, 

LOG-LINK  The  Log,  in  sea-languag^,  is 
the  name  of  apiece  of  wood  in  the  form  of 
the  sector  (usually  a  quadrant)  of  a 
circle  of  five  or  six  inches  radius.  It 
is  about  a  quartt^r  of  an  inch  thick,  and  so 
balanced  by  means  of  a  plate  of  lead 
nailed  upon  the  circular  part,  as  to 
swim  perpendicularly  in  the  water  with 
about  two-thirds  immersed  under  the  sur- 
face. The  Log-line  is  a  small  cord  of 
about  one  hundred  fathoms  in  length,  one 
end  of  which  is  fastened  (by  means  of  two 
legs)  to  the  centre  and  to  the  arched  part 
of  the  Log,  while  the  other  is  wound 
round  a  reel  in  the  gallery  of  the  ship. 
The  Log  thus  poised  keeps  its  place  in  the 
water  while  the  line  is  unwound  from  the 
reel  by  the  ship's  sailing ;  and  the  length 
of  line  unwound  in  a  given  time  gives  the 
rate  of  the  ship's  course.  This  \h  calcu- 
lated by  knoti  made  on  the  line  at  between 
forty  and  fifty  feet  distance,  while  the  time 
is  measured  by  a  sand-glass  of  a  certain 
number  of  seconds.  The  length  between 
the  knots  is  so  proportioned  to  the  time  of 
the  glass,  that  the  nttmber  of  knots  un- 
wound shows  the  number  of  miles  which 
the  ship  is  sailing  in  the  hour. 

LONGITUDE.  The  Longitude  of  any 
heavenly  body  is  measured  on  an  arc  of 
the  ecliptic,  intercepted  between  the  vernal 
equinoctial  point  and  a  great  circle  passing 
through  the  body,  and  perpendicular  to 
the  ecliptic.  Longitude  on  the  earth  is 
measured  in  a  similar  manner  upon  an 
arc  of  the  equator,  and  counted  to  the  east 
or  west,  from  a  certain  meridian. — See 
Equinox, 

LONGITUDE,  GEOCENTRIC—  Seo 
Georenlric. 

LOXODROMIC  CURVE.— See  Rhumb- 
Ume, 


MAGNETIC  AZIMUTH.— See  GAvMry 
II.  Horizon  and  Mariner**  Compost, 

MERlDIAN^See  GSotBory 

II.  Horizon  and  Mariner's  Compass. 

MAMMALIA,  in  the  Limuean  Sjrstero,  the 
denomination  of  that  class  of  animals 
which  suckle  their  young.  See  Pkgsieal 
OeographUf^aiZ^  53. 

MAMMIFEROUS  ANIMALS.  Such  as 
have  teats  (Latin  mamnue)  for  nourishing 
their  young. — See  Physical  Gtograpky^ 
page  53. 

MARINER'S  COMPASS— See  Glossary 
IL ;  also  Navigation,  pages  15  and  16*. 

MARSUPIAL,  (Greek  marsvpoSf  a  purse) 
the  designation  given  by  naturalists  to  a 
tribe  of  the  class  mammalia,  of  which  the 
mamnue  and  young  of  most  of  the  species 
are,  for  a  time,  inclosed  within  an  external 
pouch,  or  second  womb,  the  pouch  being 
supported  by  two  marsupial  banei, — See 
Physical  Geography,  page  54. 

MEAN  DAY.— See  Day, 

MEAN  AIOTION— See  Motion. 

MEAN  TIME.— See  Day, 

MERCATOR'S  CHART.— See  ChaH. 

MERIDIAN  LINE.— See  Glossary  II.  i7(K 
rizon  and  Astronomy,  pages  4  and  IG. 

METONIC  CYCLE— See  Epact, 

MOLLUSC  A,  the  name  of  one  of  the  orders 
of  the  Linnean  Class  of  Plermes,  or  worms. 
They  are  simple  animals,  furnished  with 
limbs  ;  some  are  naked  and  others  /n/«- 
ceous,  that  is,  covered  with  shells.  They 
are  chiefly  inhabitants  of  the  sea. 

MOMENTUM.— See  G/ouory  II.  A  dif- 
ferent  view  of  the  Momentum,  or  impetus, 
of  a  moving  body  is  taken  when  the  mo- 
tion is  supposed  to  be  accelerated.  See 
Astronomy,  page  12. 

MONOCOTYLEDONOUS.-See  Cotyledon. 

MONSOONS  are  periodical  winds  in  the 
East  Indies,  blowing  constantly  the  same 
way  during  six  months  of  the  year,  and 
the  contrary  way  diuing  the  remaining 
six.  They  are  a  species  of  Trcuicwindt, 
which,  in  some  quarters,  blow  constantly 
in  one  direction  throughout  the  whole 
year.  For  the  causes  of  this  difference, 
see   Physical  Geography,  page  31. 

MONTH.— See  Calendar, 

MOTION.  For  a  general  definition,  see 
Glossary  IF.  Mean  motion  is  understood 
to  be  a  calculated  average  of  a  series  of 
known  variable  motions. — See  Acceleration 
and  Astronomy^  page  31. 

NADIR.  The  Zenith  and  the  Sadir  (two 
Arabic  words)  are  scientific  names  for 
two  opposite  points  of  direction  in  space. 
They  are  the  poles  of  an  interminably 
extended  straight  line,  passing  upright  or 
downright,  from  the  feet  to  the  head,  or 
from  the  head  to  the  feet,  of  the  person 
whose  zenith  and  nadir  they  are:  the 
former  ending  in  a  point  of  the  sky  above, 
and  the  latter  (through  the  centre  of  the 
earth)  in  a  point  of  the  sky  below.    The 
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lenith  of  one  place  ii  the  nadir  of  iti  anti- 
podei. 

NAUTICAL  DISTANCE.— See  Naviga- 
iio/t,  page  4. 

NEAP-TIDES.— See  Tidft. 

NODES.— See  Orbii, 

NONIUS.— See   Giottaryl. 

NORMAL,  from  the  Latin  Abrma)  a  square, 
or  rule,  signifiei  literally  a  peq)«ndicular ; 
but  it  is  generally  used  to  denote  the  per- 
pendicular to  a  curve  at  some  particular 
point,  at  which  point  the  normal  is  also 
perpendicular  tu  a  tangent. 

NUCLEUS  b  literally  the  kernel  of  a  nut 
(Latin  Nux);  but  is  used  by  astrono- 
mers to  designate  the  apparently  solid 
part  or  Bodif  of  a  comet,  as  seen  through 
the  hazy  atmosphere  which  surrounds  it. 
It  is  sometimes  also  called  the  Head,  in 
contradistinction  to  its  train  or  Taii, 

NUTATION  is  a  sort  of  tremulous  motion 

y^     of  the  axis  of  the  earth,  whereby  its  in- 

'         clination  to  tbe  ])laDe  of  the  ecliptic  is  not 

always  the  same,   but  varies  backwards 

V^       and  forwards  some  seconds.    The  period, 

or  cycle,  in  which  all  these  variations  are 

completed,  is  nine  years.~See  Aitronomiff 

pages  62, 63,  and  168. 

OBLATE  AND  OBLONG  SPHEROIDS. 
— See  G/ostary  I.  OUong  Spheroidt  are 
also  termed  Prolate  Spheroids. 

OBLIQUE  CONE.— See  Glotsaryl.  Cone. 

OCCULTATION  is  when  a  fixed  star  or 
planet  is  hid  from  our  sight,  by  the  inter- 
position of  the  moon,  or' some  other  planet. 
—See  Transit, 

OCTANT.— See  Quadrant, 

OPPOSITION  OF  THE  PLANETS.— See 
Conjunction. 

ORBIT.  The  Latin  Orbi»  is  a  circle,  as  also 
a  globe ;  and  hence  the  paths  of  the  plap 
nets  round  the  sun  are  termed  Orbits ,  and 
the  planets  themselves  Orbs,  though  the 
former  are  now  understood  to  be  elliptical, 
and  the  latter  spheroids. 

The  planets,  though  subjected  to  many 
disturbances,  move  round  the  sun  in  tracks 
that  are  calculated  as  ellipses,  having  the 
sun  in  one  of  their  foci.  The  path  of  the 
sun  apparently,  but  of  the  earth  in  reality, 
when  traced  in  space,  is  the  Ecliptic,  It 
is  the  earth's  orbit ;  and  a  plane,  sup- 
posed to  pass  through  this  course,  and 
to  be  extended  indefiDitely,  is  the  Plane  of 
the  Ecliptic.  In  a  similar  way  we  may 
suppose  planes  to  pass  through  the  orbits 
of  the  other  planets.  All  these  planes  will 
pass  through  the  sun's  centre  ;  but  all  of 
them  will  cut  the  plane  of  the  ecliptic, 
thotigh  at  different  angles,  which  are  re- 
Sfiectively  called  the  Inclination  of  the 
Orbits.  The  two  points  in  which  the  orbit 
of  a  planet  cuts  the  plane  of  the  ecliptic 
are  the  Nodes  of  that  planet  In  its  revo- 
lution, the  |ioint  in  which  the  planet  rises 
to  the  north  of  the  ecliptic  is  the  Ascend*ng 
Node,  and  the  other  is  the  Descending^ 


Node.  A  straight  line,  uniting  the  two,  is 
the  Line  of  the  Nodes,\  which  passes 
through  the  centre  of  the  sun. 

In  the  same  manner  the  secondary  pla- 
nets, or  Saiellites,  move  around  their  A^'- 
marieSf  which  are  also  planets  placed  in 
one  of  the  foci  of  those  secondary  elliptic 
orbits.  The  average  inclination  of  the 
moon's  orbit  (for  it  is  variable)  is  about 
five  degrees ;  it  is  only  when  she  is  in  one 
of  her  nodes  that  an  eclipse  can  take  place, 
and  it  is  hence  that  the  ecliptic  has  its 
name. 

Either  of  the  two  points  of  a  planetary 
orbit,  which  is  at  the  greatest  or  at  the 
least  distance  from  the  centre  of  motion,  is 
called  an  Apsis,  a  Oreek  word,  signifying 
the  curved  link  of  a  chain.  The  two 
points,  when  spoken  of  together,  are  termed 
the  Apsides  ;  and  the  diameter  which  joins 
them  is  the  Line  of  the  Apsides,  These 
names  occasionally  coincide  with  other 
terms.  In  the  urbit  of  the  earth  (or  of 
any  primary  planet)  which  has  the  sun  as 
its  centre  of  motion,  its  Aphelion  is  the 
same  as  its  Hit/her  Apsis^  and  its  perihe- 
lion is  the  Lower  Apsis;  while  in  the  moon's 
orbit,  the  Higher  Apsis  is  equivalent  to  the 
Apogee,  and  the  Lower  Apsis  to  the  perigee. 
— See  those  several  Articles. 

OVALS. — See  Glossary  II.  for  a  general 
definition ;  but  we  may  add,  that  ovals 
similar  to  the  Cartesian  kind  may  be 
formed  in  unlimited  variety  ;  for  example, 
that  which  Cassini  imagined  for  the 
planetary  orbits  supposes  two  fod,  as  in 
the  ellipse,  but  that  the  two  lines  drawn 
from  them  to  any  point  in  the  curve,  in- 
stead of  their  sum,  shall  have  their  pro- 
ducts always  equal. — See  EllipsiM. 

OVIPAROUS  (Latin  ovum,  an  egg,  is  a 
term  applied  to  such  animals  as  produce 
their  young  from  eggs,  in  opposition  to 
Fivip^rous  Animals  vrhich  bring  forth  their 
young  alive. — See  Physical  Geography, 
page  53,  bottom  of  colunm  2. 

PACHYDERMATOUS  (from  the  Greek 
paehos,  thick,  and  derma^  skin). — See 
Physical  Geography,  page  55.  Cuvier  has 
formed  a  separate  order,  containing  nine 
genera  of  Pachydermata,  or  thick-skinned 
quadrupeds. 

PARABOLA.— See  Glossary  I.  Conio  See- 
lions, 

PARALLAX  is  an  arc  of  the  heavens  inter- 
cepted between  the  true  place  of  a  star 
and  its  apparent  place.  Thus,  suppose 
the  true  place  of  a  star  to  be  that  point  in 
which  it  would  appear  to  an  eye  placed  in 
the  centre  of  the  earth,  an  eye  placed  at 
the  surface,  which  is  a  semi-diameter 
distant  from  the  centre,  would  see  it  in  a 
different  point ;  and  the  arc  between  thete 
is  the  measure  of  the  parallax. 

This  parallax  is  greatest  in  the  horizon, 
and  diminishes  as  the  altitude  increaiMix 
for  in  the  ien\\Vi.  «b%\vi\)A:^xt&  ^«i:»^&kl^ 
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all,  thd  lines  of  observation  from  the  centre 
and  from  the.  surface  of  the  earth  coin- 
ciding. The  fixed  stars  have  no  parallax. 
This  maj  be  easily  accounted  for  from 
their  immense  distance  compared  with  the 
semi-diameter  of  the  earth ;  but  even 
when  seen  at  opposite  points  of  the  earth's 
orbit,  where  what  is  called  the  Amwai 
ParmUax  miffht  have  been  expected,  none 
has  been  satisfactorily  observed.  For  fur- 
ther particulars  on  this  subject,  see  Miro- 
nompy  pages  54 — 61,  and  146. 

PARALLELOGRAM.—See  G/ouary  II. 

PARALLELS  OF  DKCUNATION  AND 
OF  LATITUDE.— See  Declination  and 
Latitmde^ 

PENUMBRA.— See  Glotmru  II. 

PERIGEE.— See  Giosmry  II.  and  Astro- 
nowufy  page  19. 

PERIHELION.— See  Giouary  IL  and  At- 
trontfmjft  page  127. 

PERPENDICULAR.  — See  Norma/,  and 
Gfonarg  I.  Angle, 

PHANEROGAMOUS.— See  Cryptogamotu, 

PHASES  (Greek  phaino,  to  shine).  A  term 
denoting  the  several  appearances, or  shapes, 
of  the  illumination  of  certain  heavenly 
bodies,  such  as  the  moon,  Venus,  Mercury, 
&c.  Of  these  the  lunar  phases  (except 
perhaps  Saturn,  on  account  of  his  ring) 
are  the  most  varied.  She  appears  circular 
when  full,  pibbous  a  few  days  before  and 
aOer  the  full,  a  temicircle  at  the  quadra- 
tures, and  horned  at  a  few  days  before  and 
after  the  new  moou.  I  n  the  latter  tsituatiuu, 
when  visible,  the  tips  or  horm  of  her 
Crescent  (which  are  at  the  extremities  of 
her  diameter)  are  termed  Cusps,  from  the 
Latin  Cutpis,  a  point.  Crescent  (Latin 
crescare)  i8growin^,  and  the  Crescent  Moon 
is,  literally,  the  Growing  Moon^  when  she 
appears  like  a  bow ;  but  the  same  npjiear- 
ance  is  exhibited  before  her  change,  when 
she  is  said  to  be  waning.  For  a  represen- 
tation of  those  several  phases,  see  Astro' 
nomg,  page  72. 

PHYSICS.— See  Glossary  II. 

PLANK  CHART.— See  Chart, 

PLANET  (Greek /)/«wf/M,  wandering)  is  a 
name  given  to  those  heavenly  bodies  which 
change  their  position  with  respect  to  the 
fixed  stars,  and  are  found  to  revolve  round 
the  sun  as  a  centre.  These  are  properly 
termed  Primary  Planets  ;  for  other  wan- 
dering stars  cii dilate  ahout  these  pri- 
maries, and  are  therefore  called  Secondary 
Planets  J  or  Satel/ttes. 

PLANETS,  INFERIOR  and  SUPKRIOR. 
— See  Conjunction  of  the  Sun  and  Planets, 

PLANETARY  MOTIONS.— For  an  illus- 
tration  of  the  law  by  which  they  are  said 
to  describe  equal  areas  in  equal  times,  see 
fiadius  Vector. 

PLUVIOMETER.— See  Hain^age, 

POLES,  NORTH  AND  SOUTH.— See 
Arctic, 

PRECESSION  OF  THE  EQUINOXES. 
—See  Equator, 


PREHENSILE.  (Latin  prehmdo^io  leixe) 
an  epithet  given  by  naturalists  to  certain 
aninuds  which  are  capable  of  grasping 
with  their  tails  as  with  a  claw. 

PRIME  VERTICAL.— See  Fertieai  Grc/es, 

PROLATE  SPHEROID.  The  same  as 
Oblong  Spheroid,  which  see  in  GlotMarg  I. 

PROMONTORY.— See  Headland. 

PROPORTION.— See  Glossary  \. 

QUADRANT.  A  quadrant  in  Geometry  is 
merely  the  quarter  of  a  circle,  and  as  such 
is  noticed  in  Glossary  I.  under  the  bead 
Angle,  The  term  is  also  applied  to  an 
instrument  for  measuring  angles,  which  is 
a  quarter  circle  of  wood  or  metal,  having  its 
circular  part,  or  limb,  divided  into  90  parts, 
or  degrees,  and  these  again  subdivided  into 
minutes,  &c.,  by  means  of  a  Nosusu  or  a 
Femier,  Hadley*a  quadrant  is  properlv  an 
Octant^  or  eighth  part  of  a  circle,  in  wnich 
the  angles  are  taken  by  means  of  tlie  re- 
flexion of  light,  and  when  the  limb  is  ex- 
tended to  60  degrees  (the  sixth  of  a  circle) 
the  instrument  is  called  a  Sextami,  These 
are  severally  described  in  the  Society's 
treatise  on  Optical  Instruments, 

QUADRATURES.— See  Orbit,  Whenthe 
moon  is  in  either  of  the  middle  points  of 
her  orbit,  between  her  conjunction  and 
opposition  (lines  from  the  earth  to  the 
moon  and  to  the  sun,  including  a  quad- 
rant, or  90  degrees),  she  is  said  to  be  in 
her  quadrature.  Her  face  is  then  half 
shown; — it  is  bisected,  or  dichotomized. 
The  places  of  her  orbit,  where  she  is 
either  in  conjunction  or  opposition,  are  her 
syzygies,  a  Greek  compound  signifying  con- 
junction.— See  Conjunction, 

RkDlVS.— See  Glossary   1,  Angle. 

RADIUS  OF  CURVATURE.  In  speaking 
of  the  concavity  of  other  cun'es  than  the 
circle,  the  radius  of  curvature  at  a  given 
point  is  theradms  of  a  circle  that  has  the 
kame  curvature  as  the  curve  has  at  that 
point.  It  is  the  varying  length  of  the 
thread  B  D,  when  forming  the  involute 
A  DE,  {Fig,  9)  Glossary  I.  See  Articles 
Curves,  Evolutcs,  and  Involutes, 

RADIUS  VECTOR.  The  radius  vector  is 
a  right  line  drawn  from  the  centre  of  force 
(inany  curve,  on  which  a  body  is  supposed 
to  move  by  centripetal  force)  to  that  point 
of  the  curve  where  the  body  is  supposed  to 
he.  It  is  a  general  radius  to  the  curve, 
and  has  the  addition  of  Vector  (Latin,  a 
carrier)  Iwcause  it  is  imagined  to  carry 
forward  the  body  to  which  it  is  attached. 
The  earth,  for  example,  moves  in  an  el- 
liptic orbit,  of  which  the  sun  (the  centre 
of  force)  is  in  one  of  the  foci ;  and,  of  con- 
sequence, the  radius  vector  is  continually 
increasing  in  length  during  her  course 
from  the  perihelion  to  the  aphelion,  and 
decreasing  in  the  same  proportion  in  the 
progress  of  her  return. 

Let  the  ellipses   AMNBOP  repre- 
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sent  the  earth's  orbit ;  of  which  the  aphe- 
lion is  at  A,  the  perihelion  at  B,  and  sun's 
centre  at  S :  A  B  being  the  line  of  the  Ap- 
sides and  S  C  the  eccentricity  of  the  orbit. 


When  the  earth  is  in  the  aphelion,  at 
A,  the  radius  vector  is  at  its  mojrimMm, 
and  equal  to  A  S ;  but,  in  moving  from 
A  to  B,  in  the  ciure  A  M  N  B,  it  is  regu- 
larly shortened  until  it  reaches  its  minimum 
B  8.  The  law  of  the  planetary  motions, 
as  §uetied  by  Kepler  and  demomtrated  by 
Newton,  is  that  the  radius  vector  passes 
over  equal  areas  of  the  orbit  in  equal 
timet ;  and,  if  we  suppose  the  revolution 
to  be  completed  in  twelve  months,  the 
■emi-ellipse  A  M  N  B  being  divided  into 
throe  equal  triangular  areas,  ASM, 
MSN,  and  N  S  B,  by  the  radius  vector 
at  M  S  and  N  S,will  mark  three  portions 
(A  M,  M  N,  and  N  B)  of  the  elliptic 
curve,  each  corresponding  to  two  months 
of  the  time  of  the  revolution.  These 
curvilineal  bases  of  the  three  equal  tri- 
angWs  are,  obviously,  themselves  of  very 
unequal  lengths,  owing  to  the  varying 
lengths  of  the  other  sides;  but,  by  the 
law  of  motion  just  mentioned,  they  must 
each,  nevertheless,  be  run  over  by  the 
earth  in  the  same  period  of  time ;  and, 
consequently,  the  motion  must  be  con- 
tinually accelerated  as  she  approaches 
her  perigee  at  B.  In  the  progress  of  her 
return  to  A,  through  the  other  half  of  her 
orbit,  B  O  P  A,  the  velocity  of  her  motion 
will  be  continually  diminished  in  a  corre- 
sponding proportion. 

The  angle  ASM  formed  at  the  sun  by 
the  line  of  the  apsides  and  the  radius 
vector,  at  any  point  of  the  orbit,  is  termed 
the  Anomaly.  It  increases  irregularly 
through  the  whole  of  that  semi- ellipsis 
(decreasing  in  its  opposite;  as  compared 
with  time.  A  calculated  medium  angular 
increase  gives  the  Mean  Anomaly  i  and 
the  difference  between  the  TVue  Anomaly 
and  the  Mean  Anoma/y  is  the  Equation  oj 
ikeCenire. — SeeAtironomy,  pp.  32  and  124. 
RAIN-GAOE,  an  instrument  for  ascertain- 
ing the  comparative  quantity  of  rain  which 
falls  in  different  places,  and  in  diflbrent 
scMOOt.  Rain-gages,  of  a  simple  con- 
stniction,  ate  common  throughout  Europe, 
and  ate  sometimes  called  P/mnomeiere, 
from  the  Latin  piwiof  rain. 


RATIO.— See  Oionaryll, 

,  EXTREME  AND  MEAN.— See 

Extreme  and  Mean  Ratio, 

RAY  OP  LIGHT.— See  Gio$tuty  I. 

REFLEXION  OF  LIGHT.— See  Giot^ 
aary  I. 

REFRACTION.— See  Gbuary  I.,  and  At- 
tronomyt  pages  46 — 54. 

RHUMBS  are  the  thirty-two  points  of  the 
horison,  as  marked  on  the  circle  of  the 
marinei^s  compass ;  and  serve  to  calculate 
the  angle  which  a  ship's  course  makes 
with  the  magnetic  meridian. — See  Aisvi- 
pation^  pages  15  and  16. 

RHUMB-LINE  is  a  Ime  prolonged  from 
any  point  of  the  compass  (in  a  nautical 
chart),  except  the  four  Cardinal  points. 
It  cuts  all  the  meridians  under  the  same 
angle ;  and  when  delineated  on  the  globe, 
it  forms  a  curve  termed  the  Loxodromic 
Curve j--^See  Navigationf  page  19. 

RIGHT  ANGLE.— SecG/o«MryI.i#Mj9P/e. 

RIGHT  ASCENSION  OF  THB  SUN 
OR  STAR,  is  that  degree  and  minute  of 
the  equinoctial,  counted  from  the  vernal 
equinox  (the  first  degree  of  Aries),  which 
comes  to  the  meridian  with  the  sun,  star, 
or  other  point  of  the  heavens,  whose  right 
ascension  is  required. — See  Aatronomy^ 
page  16. 

SATELLITES,  secondary  planets  which 
circulate  round  some  primary  one,  as  the 
moon  does  about  the  earth. — See  Pianeti, 

SECANT.— See  Giottary  I.  Any/e, 

SECONDARY  CIRCLES,  are  such  as  are 
in  planes  that  are  perpendicular  to  those 
circles  of  which  they  are  the  secondaries. 

SEXTANT.— See  Quadrant. 

SIDEREAL  DAY.— See  Day. 

YEAR.— See  Year, 

SINE  AND  VERSED  SINE.— See  Glot- 
tary  I.  Angle. 

SINES,  LAW  OF  THE.— See  Qlouary  I. 
Refractive  Power. 

SOLAR  DAY.— See  Day. 

YEAR.— See  Year, 

SOLSTICE.— See  Ecliptic. 

SOLSTITIAL  COLURE.— See^e/iplfc. 

SOTHIAC  PERIOD.— See  Canitmlar  Pe- 
riod. 

SPECIES.— See  Genue. 

SPHERE,  SPHERICAL,  AND  SPIIE- 
ROID.— See  Gloiaary  I. 

SPRING-TIDES.— See  Tide*. 

STARBOARD.— See  Larboard. 

STYLE,  NEW  AND  OLD.— See  Calendar 
and  Hiatory  o/Aiironomy,  pages  47  and  48. 

SUBTEND.— See  Triangle. 

SUPPLEMENT  OF  AN  ANGLE,  OR 
ARC,  is  what  it  wants  of  a  semicircle,  or 
180  degrees. — See  Gloatary  I.  Angh. 

SYNODIC  MONTH,  a  complete  LunaHon, 
or  the  period  from  one  conjunction  of  the 
woon  with  the  sim  to  another,  being29 
days,  12  hours,  and  44  minutes-  The 
Greek  tynodua  is  a  meeting  or  cott««ndtiAia« 

6YZYGT^— &M  QmaAratwre. 
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TABLE-LANDS,  the  name  given  to  exten« 
live  plains  highly  elevated  amid  moun- 
tains. 

TANGENT  AND  TANGENTIAL 
PLANE.— See  Ghuary  I.  Tamffent. 

TEMPERATURE.— See  Giotmry  I.  and 
Fkjftkai  Geography,  page  37. 

TESTACEOUS,  covered  with  a  shell.  For 
the  distinction  of  this  term  from  Crvtith 
eeouM,  see  Phyticat  Geography ,  page  49. 

TH£RMOMETER.-.See  Ghttary  I 

TIDES.  The  nsing  and  falling  of  the 
waters  of  the  ocean,  which  occur  twice 
in  twenty-four  hours,  throughout  all  parts 
of  the  earth,  arc  called  the  Ttdei,  It  is 
an  alternate  rise  and  fall,  Kfltix  and  a 
rejlmxj  9k  flow  and  an  ebb  of  the  water  in 
respect  to  the  land :  the  rise  being  called 
the  FUtod-tide,  and  the  fall  the  Ebbtide, 
When  theyfur  is  at  its  height,  and  about 
to  recede  at  any  particular  place,  it  is 
there  High^cater  ;  and  when  at  its  lowest, 
and  about  to  rise,  it  is  Low'Water.  The 
cause  of  the  tides,  as  explained  in  Attro* 
nontyt  from  page  23  to  27,  being  the  at- 
traction of  the  sun  and  moon  (chiefly  the 
latter),  the  situations  of  those  luminaries, 
with  respect  to  one  another,  have  an  effect 
on  the  height  of  those  swells  of  the  waters. 
When  the  moon  is  in  cortjimciion,  or  in 
opposition,  the  powers  cf  both  bodies  being 
imited,  the  tides  are  highest,  and  called 
Spring-tide*;  but  when  the  moon  is  in  her 
quadratures,  they  are  lowest,  and  called 
Aeap-tides. 

TRADE-WINDS.— See  Montoont. 

TRANSIT  (Latin  trantive,  to  pass  over)  in 
Astronomy,  is  the  passage  of  one  heavenly 
body  over  the  disc  of  a  larger  one.  When 
the  ntiarer  body  has  a  greater  apparent 
diameter,  so  as  to  hide  the  other,  the  pas- 
sage  is  termed  an  Occultation  of  the  latter. 
— See  (Jccuitation. 

TRANSLUCENT  and  TRANSPARENT. 
See  Gfossary  II, 

TRAVERSE,  Traverse-sailing,  or  the  work- 
ing of  a  traverse,  is  the  method  of  calcu- 
lating a  ship's  place  after  she  has  made 
two  or  more  short  courses  on  diiierent 
points  of  the  compass. 

TRIANGLE.  A  surface  contained  under 
three  lines,  has  necessarily  three  corners, 
or  angles  ;  and  is,  therefore,  called  a  7rt- 
angie.  When  these  lines  are  straight, 
the  figure  bein}^  on  a  plnne,  is  called  a 
Plane  Triangle;  but  when  ihey  are  cir- 
cular, lyin};on  the  surface  of  a  globe,  it  is 
termed  a  Spherical  Triangle.  Each  of  the 
sides,  in  either  case,  is  ojiposite  to  an 
angle,  and  is  said  to  subtend  that  angle  to 
which  it  is  op|K)sed.  When  one  of  the 
angles  is  a  Right  Angle^  the  side  which 
subtends  it  is  necessarily  the  longest  of 
the  three,  and  is  called  the  Hypotenuse, 
from  a  Greek  verb,  signifying  to  sub- 
tend. The  science  of  triangles  is  Trigo- 
nometry. 

TROCHOID.    The  Trochoid  and  the  Cy- 


e/oi<<  ai«  similar  currtt.  At  correipoiiding 
with  the  derivations  of  their  names :  the 
one  being  from  the  Greek  iroehot,  a  wheel, 
and  the  other  from  cyc/ot,  a  circle.  The 
cycloid  is  described  in  Glossary  I.,  and 
the  following  may  be  considered  as  a  sup- 
plement to  that  description. 
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The  cycloid  aaaaa  is  formed  by  the 
point  a,  while  the  circle  is  rolling  along 
the  bate  line  aba;  but  if,  instead  of  the 
tracing  point  being  at  the  extremity  of 
the  diameter,  it  were  taken  within  the  at' 
cle,  as  at  d,  it  would  then  describe  the 
dotted  curve  line  dd  d,  which  is  called  a 
Trochoid,  The  right  line  de  d  joining 
the  ends  of  the  curve  is  the  bate  of  the 
TVoehoid:  it  is  parallel  to  the  path  of  the 
rolling  circle,  and  equal  in  length  to  its 
circumference.  The  perpendicular  d  e, 
from  the  vertex  d  to  the  bate,  it  the  Aris, 
It  divides  the  Troehidai  Space  dd  de  into 
two  equal  portions ;  and  the  azit  ittelf  is 
bisected  by  the  right  line  ecc,  which  is 
the  path  of  the  centre  of  the  generating 
circle.  The  TVoehoid  is  sometimes  called 
a  Protracted  Cycloid;  and  a  curve  formed 
by  a  point  without  the  circle  (upon  the 
diameter  extended)  is  termed  a  Contracted 
Cycloid :  the  base  of  this  latter,  too,  is  of 
the  same  length ;  being  always  equal  to  the 
circumference  of  the  generating  circle  in 
all  the  forms  of  the  cycloid.  If  in  the 
trochoid  a  circle  be  drawn  round  the  centre 
c,  having  the  axis  </  e  as  a  diameter,  the 
two  circles  will  represent  the  wheel  and  its 
nave,  in  the  famous  Aristotelian  paradox. 
— See  Epicycloid, 
TROPICS.— See  Ecliptic, 
TROPICAL  YEAR.— See  r«ir. 

UMBELLIFEROUS.— See  Physical   Geo- 
graphy, page  47. 

VAPOUR.— Sec  Glossary  I. 
VARIATION    OF   THE    COMPASS.— 

See  Glnxsary  II. 
VARIETIES.— See  Gettus, 
VELOCITY  is  the  comparative  celerity,  or 

swiftness,  of  a  moving  body. 
VERNIER.— See  Glossary  1, 
VERSED  SINE_i?ee  Glossary  I. 
VERTICAL  CIRCLES— See  Glossary  U, 

Horizon,   A  vertical  circle,  passing  through 

the  east  and  west  points  of  the  horizon,  is 

called  the  Prime  f'ertical. 
VIVIPAROUS,  a  general  designation  for 

such  animals  as  bring  forth  their  young 

alive,  in  opposition  to  Oviparous,  which  see. 
VORTICES.— See  Glossary  II. 
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WANINO.  Declioinf^  in  power.  The 
term  is  applied  to  this  moou,  at  decreas- 
ing in  her  light,  from  the  full  to  change. 

WEATHBRSIDE  OF  A  SHIP.  — See 
Ijeeutard. 

WINDWARD.— See  lAeward. 

TEAR.  The  i)enod  of  time  in  which  the 
earth  performs  her  revolution  round  the 
iun,  or  that  in  which  the  sun  apparently 
moves  from  a  point  in  the  ecliptic  until  he 
returns  to  the  same  point,  is  the  Soiar  Year, 
It  is  also  termed  the  Tropical  Year,  and 
consists  of  365  days,  5  hours,  and  nearly 
49  minutes.  The  Sidereal  Year,  that  be- 
twreen  the  departure  of  the  sun  from  any 
fixed  star  to  his  return  to  the  same  star,  is 
about  17  minutes  longer.  The  AnomalU' 
iical  Year  is  the  time  that  elapses  from  the 
8un*s  leaving  his  apogee  till  he  returns  to 
it,  and  is  365  days,  6  hours,  and  about  14 
minutes. — See  Calendar. 

ZENITH.— See  Nadir. 

ZENITH  DISTANCE.  The  complement 
of  the  altitude  of  a  heavenly  body  is  its 
Zenith  distance, 

ZODIAC.  The  ecliptic  (as  is  stated  under 
that  head)  crosses  the  equator  at  an  angle 
of  about  23^  degrees.  It  is  the  earth's 
orbit,  and  the  apparent  path  of  the  kun. 
The  orbits  of  the  other  planets  cut  the 
ecliptic    at  different  angles;    but  (until 


lately,  that  Juno,  Pallas,  Ceres,  and  Vesta 
were  discovered),  the  orbits  of  all  passed 
within  seven  degrees  on  either  side  of  the 
earth's  course.  A  zone  of  kixteen  degrees 
in  width,  having  the  ecliptic  for  its  central 
line,  was,  therefore,  conceived  to  include 
the  whole  of  the  planetary  orbits.  It  was 
called  the  Zodiac  (Greek  ZodiaeoM,  from 
ZAntf  an  animal),  because  it  contained 
the  figures  of  all  the  animals,  &c.  which 
formed  the  twelve  signs. 

ZONE  (Latin  Zona,  a  g^dle),  in  Oeography^ 
is  the  denomination  given  to  each  of  the 
five  parallel  belts  into  which  the  earth  is 
imagined  to  be  divided  in  respect  to  tem- 
perature. The  Torrid  Zone  mcludes  all 
the  space  which  lies  between  the  tropics, 
being  nearly  47  degrees,  or  23^  degrees 
on  each  side  of  the  equinoctial  line.  Two 
Frigid  Zone*  occupy  those  parts  which  lie 
between  the  poles  and  the  polar  circles ; 
and  two  divisions  that  lie  between  those 
circles  and  the  torrid  zone,  are  called  the 
Temperate  Zonet. 

ZOOLOGY  (Greek  zoon,  an  animal,  and 
logos,  a  discourse),  is  that  division  of 
Natural  History  which  treats  of  animals, 
and     

ZOOPHYTES  (Greek  phgton,  a  plant)  are 
such  natiural  productions  as  are  supposed 
to  participate  of  the  qualities  both  of 
plants  ftod  animals. 
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The  references  are  given  to  the  treatiie  or  treatises  in  which  the  article  is  foiind*  Of  the 
contractions,  Himt.  op  Astro,  stands  for  HUtor^  of  Attronmm^  \  Math.  Geoo.  {mMathf 
ntaticai  Geography ;  and  Puys.  Gboo.  for  Phyncai  Oeography, 


jiberration  of  light,  general  view  of      .         • 

'  *     discovery  of,  hy  Dr.  Bradley 


•  • 


the  time  of 


•  •  . .     proof  of  the  earth's  annual  motion 

.  •  . .     illustrations  of  that  phenomenon 

•  •     afiects  the  apparent  position  of  the  heavenly 

bodies 

•  •     table  of,  for  the  fixed  starsy  how  formed 
Action  of  gravity  explained  .         • 
A/iemoon  of  the  day,  why  warmest 
Aibinoet,  description  of  that  variety  of  man 
Aifxandria,  the  ground  of  its  site  did  not  exist  in 

Homer  ...... 

Alexandrian  school,  astronomers  of  .         • 

Aigebrof  a  favourite  study  of  the  Hindoos 
Alphonsine  tables,  history  of  their  construction    • 
A/phonsoy  kinj;  of  Castile,  his  daring  assertion 
America  and  Europe,  compsgrative  temperature  of 
.  •       South,  atmospheric  appearances  in  i 

. ,       has  no  indigenous  species  of  heath 

particularly  abundant  in  venomous  reptiles 
^jRoi/n/ of  parallax,  how  ascertained 
Ancucimander  said  to  have  invented  the  gnomon      « 
Ancient  opinions  concerning  the  figure  of  the  earth 
Ammait  of  New  Holland,  account  of     . 

diversity  of  colour  in  certain  species 
• .      their  distribution  over  the  globe 
Anomaiitlic  year,  explanation  of       •         . 
Annual  variation  of  the  fixed  stars         • 

. .     parallax,  concerning   .         .         • 
Annular  eclipses,  concerning 

great  one  in  1737  descrilied 
^/i^in'/y  of  astronomy       .         •         •      , 
. .        of  Egyptian  Astronomy    .         • 
of  ChaldsBan  astronomy         • 
Apparent  and  mean  time  distinguished      .         •         • 
Appearance  of  the  heavenly  bodies,  effiict  of  lefiraction  on 
Arabian  astronomy,  history  of  •         •         •         . 

elements  of  •         •         •         • 

Aratugy  his  astronomical  poem  •         .         •         • 

Arctic  regions,  red  coloured  snow  of,  accounted  for  • 

ArcluruSf  proper  motion  of  that  star  .         .         • 

• .         his  heliacal  rising  in  the  age  of  Hesiod    •         • 
Arittarchuif  his  method  of  ^certaining  the  distance  of  the  sun 
and  moon  from  the  earth 

another  accoimt  of  his  method  of  ascertaining  the 
sun*8  distance        i^         •         •         ^         • 
Aritiotelian  philosophy  overthrown  by  Galileo    •         • 
Arittotle  supposed  that  the  earth  was  shaped  like  a  drum 
Arithmetic,  binary,  account  of  a  Chinese  work  on         • 
Art  of  observingi  improvements  in        •        •        •        < 
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Arj/abhtUtOy  an  ancient  Indian  astronomer,  taught  the  diurnal 

motion  of  the  earth  .         •         •         • 

Atteroidt  proposed  designation  for  the  planets  Juno,    Cerea 

PallaH,  and  Vesta  •         .  .         • 

Attrolahium  of  Ptolemy,  construction  of    .         •         •         • 
AMtrology  originated  in  Glialdsa    #       •         •         •         • 

not  known  in  Greece  before  the  time  of  Alexander 
.  •         prevalent  at  Rome  under  Augustus     • 
• .        mfected  some  of  the  greatest  astronomers  of  modem 
*      Europe  up  to  the  17th  century    . 
Mtronomert  of  Chaldna,  their  method  of  calculating  eclipses 
of  the  Alexandrian  school,  account  of 
only  one  of  eminence  during  the  Roman  republic 
of  Europe  were  astrologers  up  to  the  beginning  of 

the  17th  century.  .         •         .         • 

Regiomoutanus,  an  account  of  his  works  • 

-    Copernicus,  account  of  his  system  and  discovaies 
' . .  accused  of  impiety  -  •    '     .         • 

Tycho  Brah4,  accoimt  of  his  discoveries  .         • 
Hujgens,  account*of,  and  of  his  inventions 
Kepler,  account  of  his  theories  and  discoveries 
Ghdileo,  account  of  his  discoveries  '    • 
• .       accused  of  impiety  by  the  chtuxh 
'   Hevelius,  account  of  his  observations  • 

(early)  dencriptiou  of  their  quadrants        •  *      • 
Romer,  account  of  his  inveotiona  abd  discoveries 
Cassini,  account  of  his  digcoveries    •  • 
Herschel,  account  of  his  disboveries    '      •         • 
Flamiitead,  account  of  his  discoveries  • 

Halley,  account  of  his  discoveries  •      •  • 

Descartes,  account  of  his  system       -    •         • 
Newton,  account  of  his  system        •         .         • 
Bradley,  accoimt  of  his  discoveries      •         • 
La  Caille,  account  of  his  astronomical  labours 
Mayer,  account  of  his  labours 
AtiroHomicai  day  distinguished  from  the  civil    .         .         • 
twilight  distinguished  from  the  popular       • 
observations,  correct  the  variation  of  the  magneti 
needle     . 
•  •  determine  the  bearings  of  terrestrial 

objects     . 
Tables  of  the  Chinese,  account  of 
. .      of  the  UiudooS|  account  of 

observations  on 
theories  of  Hipparchus,  account  of 
poem  by  Aratus,  account  of       <   • 

. .    of  Manilius,  account  of   . 
discoveries  of  Hipparchus,  account  of 
doctrines  of  Ptolemy,  account  of  . 
observatories,  %vhen  first  established 
telescopes  of  immense'len^th,  account  of 
system  of  Newton,  account  of        .         • 
clocks  regulated  by  sidereal  time 
Astronomy  the  immediate  results  of  observation  contrary  to  its 
true  principles        ...... 

capable  of  being  explained  without  the  knowledge  of 
mathematics  .... 

its  origin  and  antiquity  •         • 

first  cultivated  by  the  Chinese 
uf  the  Chinese  and  the  Hindoos  similar 
history  of  the  progress  of  the  Chinese  iu 

of  the  Hindoos  in    • 
of  the  Brahmins,  was  it  borrowed  from  any  other 
nation?  ..•••• 

antiquity  of  the  Chaldsean       •  •  • 

uf  tlie  Egyptian 
origin  of  in  Greece  .  •  •  . 

of  the  planets  not  knoviu  to  U\tt  ancient  Greeks 


HiiT.  OP  Astro. 


Astronomy 

HiST.  OP  AtfTKO. 


Psgs 

.   11 
111 

•  32 
36 

.  36 
36 

.     36 
IDO 
.     23 
35 

.  •  36 
39 
.  40—43 
-  .  42 
.  48—47 
44,64.69 


Astronomy 


—  49—54 

—  54— 5J 

—  .     57 

—  63,64 

—  .     67 

—  70,75 

—  72—75 
72,108,  ftc. 

—  77,7S 

—  78-80 

—  82,83 

—  83—89 

—  89—93 

—  97,98 

—  .     98 
35 

.         .     56 

.        255 

.  253—255 

Hist,  ok  Astro.        1 — 7 

7—1 1 

116-122 

.       3 

24,25 

.     35 

25—27 

27—32 

65 

.     71 

83—89 

Math.  Geoo.  .     15 


Astronomy 


Hist,  of  Astro. 


1 

.       2 
1 

.       1 

2 

4—6,33 

7—13 

10,11 

13,14 

14—17 

.     17 

17 


GENERAL  INDEX. 

jittnmom^t  progren  of  Eratosthenes  in      •        .         • 

of  inn  Arab;*,  history  of      •         •         •         . 
• .       of  the  Persians,  hisior}*^  of       .         •         • 
• .       of  the  middle  ages,  hi»tury  of 
• .       patronised  by  Al|ihon80,  ^i^il?  of  Castile 
• .  • .         by  Charles  the  Second    .         • 

.  •       phjfiica/j  origin  and  history  of  •         « 

• .       principal  |H;riods  in  its  histtiry       •         • 

of  the  Hindoos,  tabular  view  of  iti  elements 
of  the  Arabs,  elements  of,  from  El-Butani 
how  applied  to  navigatiun 
jilmotphfre,  shuotio);  stars  are  meteors  engendered  in 

of  the  moon  different  from  that  of  the  earth 
•  •  . .  has  no  clouds  •         • 

of  the  sun,  its  density  .         .         • 

of  Venus,  similar  to  that  of  the  earth 
of  Jupiter,  on  the  clouds  in    •         •         • 
.  •         currents  in,  account  of      .         .         • 
appearances  of,  in  South  America 
jiiiraeiioH  of  the  planets  disturbs  the  elliptical  figure  of  the 
orbit     ..•••• 
•  •       of  mountains,  experiments  on     .         .         . 
Azimuth  of  a  celestial  body  what,  and  how  determined 
.  •      comptutf  account  of  •         •         •         •         • 


•  • 


« • 


earth 


Baltic  SeOf  its  surface  higher  than  that  of  the  Caspian 

• .         why  there  are  no  tides  in         •         .         .         • 
Barlow* 9  method  of  finding  the  deviation  of  the  compass 
Brarifffff  magnetic^  explained  •...•• 
Beccaria  and  others  measure  a  degree  of  the  meridian  in  Italy 
Btlief  in  uniformity,  a  general  law  of  the  mind       .         • 

•  •  proiduced  Kepler's  fortunate  guess        « 

.  •  Bode's  remarkable  guess  • 

Beit9  of  Jupiter,  concerning  the        •         •         •         •         • 
Belefyeute,  the  brightest  star  in  Orion  •         .         •         • 
BiriU,,  each  species  confined  to  one  quarter  of  the  globe        • 

. .     account  of  their  migrations  •         •         •         • 

Black  Sea,  its  siurface  higher  than  that  of  the  Caspian         • 
Blood-colour  in  the  lunar  eclipse  of  1830  accounted  for     • 
Bode'i  remarkable  guess  resipecting  the  planetary  orbits         • 
•  •     law  of  the  distances  of  the  planets  from  the  sun,  confir 
mation  of 
Bodiei,  lightest  at  the  equator,  increasing  in  weight  towards  the 

poles 
Boiling  Fovntedn,  description  of 


the 


Bone»  of  known  and  unknown  quadrupeds  found  buried  in 

earth  ....•••• 

Book*  on  mathematical  geography,  referred  to  • 

on  navigation,  list  of        .         •         .         •         • 
jBorc^o**  improvement  on  Hadley's  quadrant        •         • 
Bradley  discovered  the  aberration  of  light      •         •         • 
.  •        his  discovery  of  the  aberration  of  light  • 

• .       account  of  his  discoveries         •         •         •         • 
discovered  the  aberration  of  the  fixed  stars     • 

the  nutation  of  the  moon*s  axis  • 

Brahmins,  whether  their  astronomy  was  borrowed        • 
Breexet,  land  and  sea,  account  of         •         •         •         • 


Calendar,  Roman,  account  of       •         •         •         •         • 
.  •  Gregorian       •••••• 

•  •         Julian,  how  corrected    •         •         •         •         « 

•  •         reformation  of,  b^  Pope  Gregory         •         • 

Pertian,  more  soentific  than  the  Gregorian      • 
Calends,  Boman,  meaning  of  the  term        •         •         • 
Callippus,  cycle  of,  account  of      .         •         •         .         • 
Canada,  its  climate  compared  with  that  of  England    • 
Cape  of  Good  Hope,  measure  of  a  degree  of  the  meridiaa  at^  b^ 
Lft  CaiU«  and  others      «•••«» 
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6BNBRAL  INDEX. 


Camn>orom$  piadrupedt,  most  frequent  in  hot  conntries  • 

CatpioH  Sea,  its  surface  lower  than  that  of  the  Black  Sea  or  of 

the  Baltic      .         .         .         .         .         .         . 

GsMMpem,  extraordinary  star  which  appeared  in  that  couMt 

latbn  in  1573        ...•••• 
Caasinif  i^eral  account  t)f  his  discoveries  •         •         • 

•  •       completed  the  theory  of  the  moon's  libration        • 

•  •      measures  a  degree  ef  the  meridian  in  France  • 

•  •       his  very  accurate  meridian  line         •         •         • 
Ciuaiquarej  description  of  the  woods  on  its  hanks  • 
Caiahffue  of  fixed  stars  in  the  southern  hemisphera,  by  La  Caillo 
CattdSguei  of  the  constellations,  how  formed            •         • 
GoKte  of  eddies  or  whirlpools            •         •         •         •         • 

•  •     and  course  of  trade  winds  •         •         •         • 

of  excess  of  cold  in  Russia     •         .         •         .         • 
of  the  tides  explained        •         .         •         .         • 

Caaiiei  of  the  tides  investigated 

Cavendish*t  experiments  on  the  earth's  density        •         • 
CelettieU.  tphere^  its  parts  enumerated  .         •         •         • 

• .        obtervaliofUf  applied  to  navigation    • 
Centrifugal  fwret  ot  the  eaith^s  motion  diminishes  from  the 

equator  to  the  poles         •         • 
its  efiects  investigated  hy  Maclaurin 
its  value  at  any  point  of  the  earth's  surface 
how  calculated      .         .         •         • 

•  •  and  centripetal  forces,  observations  on       •         • 
Cere$y  the  symbol  by  which  she  is  represented 

•  •      discovered  by  Piaizi  in  1801  .  .         •         • 

•  •      her  diameter  too  small  to  be  measured  • 
• .      particular  account  of  that  planet     •         •         •         • 

Chaldaa  the  origin  of  astronomy  .         •         •         • 

Chaldmtm  JstronomerSf  their  method  of  foretelling  eclipses  • 
,  •  discovered  the  period  of  223  months 

•  •        Jilnmomy,  antiquity  of    • 

•  •         Obtfrvationi,  the  foundation  of  Ptolemy's  theory  of 

the  moon         ...... 

Ckaldmant  knew  the  famous  period  of  6585  3  days       . 

the  fi^^ure  of  the  earth 
CkangetSn  the  surface  of  the  earth,  obnervations  on     . 
Character  of  a  climate,  causes  by  which  it  is  determined 

of  man  as  a  |)hysical  being        ...  * 

Charles  the  Second,  his  patronage  of  astronomy      . 
Chart,  MercatorM,  construction  of  .... 

CAarfci,  P/onf,  how  constructed     .      .  .  .         . 

Chimbora^o,  in  Peru,  attraction  of  that  mountain    .  • 

Chinese,  the  first  cultivators  of  astronomy  .... 

. ..     their  astronomical  tables  corrected  by  the  Jesuits 

their  record  of  an  ancient  planetary  conjunction      • 
• ..     their  cycle  of  sixty  years    ....         .  , 

•  •      their  astronomy  similar  to  that  of  India  •        • 
Zodiac  divided  like  the  Indian            ... 
their  division  of  the  circle     .          .          ,          ,  , 
penalty  for  not  foretelling  an  eclipse           • 
divided  time  by  the  clepsydra         .... 
history  of  their  progress  in  astronomy         .          , 

.  •  in  mathematics  •  . 

knew  the  Golden  Number  from  time  immemorial 
antiquity  of  their  authentic  history 
Leibnitz's  discovery  of  binary  arithmetic,written  in  .their 
ancient  characters         .  .  . 

Chiron^  said  to  have  invented  the  Greek  Sphere  .       .  . 

Christian  era,  accurate  records  of  eclipses  before       • 
CAroao/o^tca/;7cnW«of  the  Hindoos  .  •  •  , 

their  extraordinary  length 
Chronology,  indebted  to  the  records  of  eclipses 

.  "                 to  the  principle  of  the  procession  of  equi 
noxes            •         .         •         .         . 
y^mmelers,  longitude  found  by       


•  •. 


•  • 


•  • 
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Ckrmometertf  biBtory  of  •     •    . 

• .  on  the  imperfectioni  in 

Church,  iti  persecution  of  Galilea    • 
Cicero,  his  translation  of  Aratns 
Circk,  its  division  by  the  Chinese  *    • 
Circlet  of  the  sphere,  described 


of 


of  a  sphere,  described  generally        . 

•  •     of  the  celestial  sphere       •-        .-        .         .         • 
Civil  Day,  distinguished  from  the  asitronomical     . 

. .    yirar,  why  it  commences  with  the  beginning  of  a  day 
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, .  of  the  earth's  orbit,  variable        •         •         • 

Experimfintt  on  the  attraction  of  mountains         •         .         • 

for  connecting  the  observations  of  Greenwich  and 

Arans       •         •         ,         f         •         •        • 
by  Cavendish  on  the  earth's  density  • 

to  fix  the  length  of  the  French  metre        •         • 
on  the  pendulum,  account  of    •  •         • 

£ye,  unassisted,  does  not  discern  stars  below  the  fifth  magnitude 
po  judge  of  the  distances  of  the  stars      .         . 
pnassisted,  cannot  see  Jupiter  s  satellites      •         •         • 


r  • 


•  • 


•  • 

Feline  qtuidrupeds  differ  in  the  new  and  oH  world  .         • 
Figure  of  the  earth  that  of  a;i  oblate  spl^eroid     .         •         • 
^investigate4  by  Clairault  •         • 

^^ancient  opinions  concerning  • 

•  •  known  to  the  Egyptians  and  Chaldseans 

.  •  •  supposed.by  Aristotle  to  be  like  that  of  a  drum 

.• .  proved  to  be  spherical      .         .         • 

• .  why  not  a  perfect  sphere        •         •         • 

•  •     and  magnitude  of  the  earth,  how  ascertained      ,  . 
*    .  •     of  the  continents  .         •         .      .   •         •         • 

Fii/kei,  every  basin  of  the  oceaq  has  its  peculiar  tribes     . 

electric,  paiticularly  described         •         .         •         • 
. .      conQt'rniug  the  migrations  of     .         •         «         • 
Fixed  Stars  have  no  observable  diapieter    .         .         .         • 
• .         their  apparent  magnitude  not  ipcreased  by  the  tele 

scope         •••••.. 
• .  .       proper  motions  of  some  so  called  •         • 

o;i  the  annual  variation  of     ,  •         •         •         • 
their  occultations  by  the  moou     .         •         • 
how  diiUinguished  from  the  planets  •         •         • 
tables  of  nutation  and  aberration  for,  how  ibrmed 
distance  of  some,  how  determined     •         •         • 
annual  parallax  of  some  determined     • 
longitude  found  by  their  occultations  •         • 

aberration  of,  when  discovered     •         •         • 
catalogue  of,  by  La  Caille       •         •         •         • 
clusters  of       •   .      .         ••        •         •         • 
Flamsteed^  account  of  his  discoveries  •         •         •         • 

Fiinder*'  Recount  of  the  coral  reefs        •         .         •         . 
fTym^, quadrupeds,  account  of  •  •         •  •         • 

Fossii  She^s  found  on  the  tops  of  mountains 

. .    Bonesy  found,  of  known  and  unknown  quadrupeds         • 
Forests  in  Lapland  grow  in  a  very  low  temperature  • 

Formula  for  the  accurate  estimate  of  refraction  •         .         • 
. .       for  solar  nutation  .         .         •         •         • 

. ,       respecting  the  moon's  place  •         •         .         • 

France,  degree  of  3ie  meridian  measured  in,  by  Cassini    • 

. .  by  La  Caille,  &c.    • 
FreneJk  Soiqjf  Dag  differs  from  the  English     •         • 

.  •     Metre f  experiments  to  fix  its  length  .         •         < 


•  • 


•  • 


•  • 


•  •. 


Galileo  first  discovered  the  phases  of  Venus 
,  •  . .  Jupiter's  satellites 

. .      account  uf  his  dittcovifries 
. .    ,  overthrew  the  Aristotelian  philosophy 
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GSNBRAL  INDKS:. 


^oA/tfo  inTenied  the  telescope      ••       •        •-       •        • 
•up^ested  the  penduhim  to  measure  time         • 
his  controversy  respecting -the  Kpots  in  the  tun     • 
GaMcoyntt  the  inventor  of  the  micrometer  •  • 

Gtneva^  its  lake  gradually  diminishing  •         •         • 

Geographieai  or  nautical  mile,  length  of     •  •  •         , 

Gwgrafhyt  mathematical,  defined         •         •         •         • 

•  •         books  on       ••••••         ( 

universal,  defined       •         .         •         •         • 

•  •         physical,  application  of  the  term        «         • 
Oeometry^  definitions  relative  tu  .  •  •  •  • 
Georqium  Sidui,  another  name  for  the  planet  Uranui    • 
Gerberi,  a  celebrated  mathematician,  account  ef     •  • 
G^ffter,  the  celebrated  boiling  fountain       .... 
Goidcn  Number,  known  in  China  fmm  time  immemorial 

• .  called  the  cycle  of  Meton  •         •  , 

Crfimmm,  how  used  in  Hindoo  observations      •         •         • 

• .       its  invention  ascribed  to  Anaximander  •         .         < 
Graviiatwn,  Tkeoiy  of,  dependent  on  the  measure  of  earth 

•  •  . .       difficulties  in  establishing     •         • 
Gravity,  its  action  explained        .         .         •         .         • 

first  understood  by  Kfspler      •         • 
Greece^  origin  of  astronomy  in      •         •         •         •         • 
Greek  Zodiac,  borrowed  from  Egypt  •         •         •         « 

•  •  ascribed  to  Thales  •         •         •         • 

•  •  indentical  with  that  of  the  Hindoos         •         i 

•  •     ephere  said  to  have  been  invented  by  Cheron         • 
Greeka,  proverbial  contempt  of,  by  the  Hindoos  •         « 

•  •      unacquainted  with  astrology  in  early  ages  • 

•  •      studied  philology  more  than  nature  . 
Greenwich  and  Pari»,  experiments  for  connecting  their  obser 

vatories      •         •         •         •         « 

Gregorian  Calendar,  account  of  •         •         •         •         • 

••'  ••  ••  •         •         •         •         1 

. .  inferior  to  the  Persian     •  .         • 

Guess,  remarkable,  of  Kepler  on  the  planetary  laws      •         • 

of  Bode  on  ditto      .  •  •  • 

Guif 'Stream,  account  oi  that  current  .  •  • 

. ,  wrecks  brought  by,  led  Columbus  to  discover  Ame- 

rica  •  •  •  •  •  •  • 

Ounpswder,  used  to  ascertain  longitudes         •  •         •  • 

Hadley^s  Quadrant  described    •••.•• 
Hall,  Basil,  his  description  of  the  landscape  ou  the  coast  of  Lima 

his  account  of  the  coral  reefit 
Halletfj  account  of  his  diKcoveries  .  •  •  . 

his  theory  and  discoveries  of  the  comets  • 

Harding^  discovered  Juno,  in  1803         .  •  •  • 

Harrison,  the  inventor  of  chronometers        .  .  •  • 

Harvest-Moon,  phenomenon  oi",  accounted  for  . 

id  a  spring  moon  in  the  southern  hemisphere 
Heat  of  the  seasons,  cause  of  its  variation       .  •  • 

. .    of  the  day,  why  greatest  in  the  afternoon    . 

•  •    of  the  climate  differs  often  under  the  same  latitude 

•  •    intensity  of,  in  comets  when  in  the  perihelion        •  • 
Heaths^  the  whole  genus  peculiar  to  the  old  world    . 
Heavenly  Bodies,  their  declinations,  how  ascertained     •          • 

•  •  their  azimuth,  how  determined     .  • 
, .                effects  of  refraction  on  their  appearance       • 

all  affected  alike  by  refraction 

•  •  their  distances  aud  magnitudes  deduced  from 

their  parallax  .... 

•  •  their  a|iparent  {>oxitionH,  how  affected  • 

their  position  depressed  by  parallax       • 
Heights  of  the  principHl  mountains  on  the  globe  •  • 

Heliostat,  an  instrument  for  conveying  an  instantaneous  signal 

described     •••.... 
Hemispheres,  northern  and  southern,  comparative  temperatures  of 
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GSKKRALIKDn. 

Her9thelit*%  aame  for  the  plantt  Druini  Mom  that  ot  its  dif« 

coTcrer  •         •         •         •  *       • 

HenekeW»  diieoTery  of  hro  of  Saturn*!  satellitct 
Hetiod,  the  age  m  which  he  lived,  how  determined 
Heveliuff  account  of  his  observations 
HindooMf  their  astronomy  simiUr  to  that  of  the  Chinese 

•  •*      their  sodiac  similarly  divided        •         • 

•  •  .  •  identical  with  the  Greek         • 
their  astronomy,  history  of  .         • 

.  •  tabular  view  of  its  elements 

their  astronomical  tables,  account  of      • 

•  •  .  •  vast  antiquity  of 

. .  ,i         observations  on 

their  tables  of  the  sun,  moon,  and  planets  • 

used  the  gnomon  in  their  astronomical  observations 
jiarticularly  attache<l  to  the  study  of  algebra       • 
their  method  of  solving  indeterminate  iirobleros      • 
their  proverbial  contempt  of  the  Greeks     •         • 
their  Yugat,  or  chronological  periods     •         •         • 

.  •  .  •  •  •        of  extraordinary 

lengths         • 
their  names  of  the  sun  and  planets  •         •         • 
Hipptnrckui^  astronomical  theories  of  •         •         •         • 

•  •  •  •  discoveries  of         •         •         • 
• .         plagiarism  from,  by  Ptolemy  •         •         • 

Hiaioty  of  Aatrmt^^y  principal  periods  in       •         •         • 
Homer ^  astronomy  not  well  known  in  his  time      •         •         • 
HorixoHf  why  bodies  are  seen  when  actually  below  it        • 
.  •       dimness  of  objects  near,  accounted  for   •         •         • 

•  •       the  sensible  and  rational  distinguished      •         • 
Horizontai  Stm  and  Moon^  why  of  an  oval  shape  .         • 

•  •  •  •  •  •      cause  of  their  increased  apparent 

diameter  not  well  known 

•  •       Refraction^  average  of,  in  this  countiy    .         . 
Hot  CiimateM  contain  strong  ferocious  quadrupeds         •         • 

•  •  contain  the  most  venomous  reptiles     .         • 

carnivorous  quadrupeds  chiefly  inhabit     •  • 
Human  Ufe^  on  the  extent  of     .         •         •         •         « 

HttmboldfM  description  of  the  woods  on  the  Cossiquare  • 
• .         enumeration  of  the  species  of  plants      •         • 

.  •         curious  account  of  the  cow  tree  •         •  • 

• .         account  of  atmospheric  appearances  in  South  America 

•  •  .  •       of  curious  insects         •         •         •  • 

of  quadrupeds        •         •         • 

•  •  .  •  of  the  great  age  of  a  Peruvian 
Hnrrieanea,  their  origin  and  effects  •  •  • 
Httygena  invented  clocks  with  wheels         •         • 

•  •  • .        pendulum  clocks       .  •         • 

discovered  Saturn's  ring 

•  •  • .         also  one  of  Saturn's  satellites  . 
.  •      hiM  improvements  of  the  telescope 

Hjfdro»i€Uic$t  the  fundamental  principle  of     •         • 
HypotAe$et  of  the  four  planets  between  Mars  and  Jupiter  being 
fragments  of  one      .         .         •         .         . 

•  •       of  La  Place  on  the  origin  of  the  solar  system 


Phys.  Geog. 


Navigation 
Hist,  ov  Astro. 


leeberga^  account  of  their  formation      •         •         •         . 
Jfretandf  its  boiling  fountains  described       •  •         •  . 

tilmttrationa  and  examples  of  traverses  •  .  . 

Impiety y  Alphonso,  king  of  Castile,  accused  of  .         • 

Copernicus  accused  of     •         .         •         •         • 
•  •      Galileo  accused  of,  by  the  church  .         • 

hnprovementi  in  the  art  of  observing     .         •         •         • 
in  the  telescope,  by  Huygens 
.  •  in  Hadley's  quadrant  by  Borda  .  * 

Indeterminate  problems  readily  solved  by  the  Hindoos 
Lueitt,  their  locality  the  same  as  the* plants  on  which  t\iey  t«e^    Vbxi^.  ^^w^ 
Urgeat  and  moat  splendid  in  the  tom4  ^^^^        \  ' 
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n  GWERAL  nDSX 

Aueeit^  account  of  lereral  curioui  spcdot  •        • 

Imvtntion  of  chrooometeriy  account,of    •         •         •         • 

of  reflecting  instruments,  amount  of     •         • 
blonds,  general  observations  on      ,       .         •         •         • 

.  •      how  formed  by  the  cor^  animalcules 
Xf«/y,  a  degree  of  the  meridian  in,  measured  by  Beocaiia 
others      .••«••• 


JetuitM  corrected  the  astronomic  tables  of  the  Chinese 
Mian  Calendar,  how  formed     .  .  .  •  • 

JtmOf  the  symbol  by  which  she  is  represented         • 
•  •     discovered  by  Harding  in  1803  •         •         • 

• .     her  diameter  too  small  to  be  ascertained        • 
• .     particular  account  of  that  planet       •         •         • 
JypUer,  the  symbol  by  which  he  is  represented       • 

his  form  an  oblate  spheroid,  like  the  earth       • 


concerning  his  spots  and  belts  •         • 

his  spots  are  clouds  in  his  atmosphere    • 
his  satellites  first  discovered  by  Galileo      • 

•  •  not  visible  to  the  naked  eye 

• .  shine  by  reflected  light  • 

• .  eclipses  of,  concerning        , 

•  •  their  rotation  about  their  axes 
.  •            longitude  fouiid  by  *  • 

Hindoo  table  of     .         •         .     '   •         • 


and 


Ka/pa,  a  Hindoo  period  of  4320,000,000  yeaif 
Keidf  his  distance  from  the  earth  •         • 

Kepler,  his  laws  of  the  motions  of  the  planiets 


•  • 


•  • 


•  • 


also  obeyed  by  the  new  planets     •         • 
demonstrated  by  Newton  •         •         • 

•  •      his  acquaintance  with  Tycho  Brah6  •         • 

• .      account  of  his  theories  and  discoveries  •  • 

discovered  the  cliptical  orbits  of  the  planets         • 
• .      his  laws  of  refraction    •...•• 
the  first  who  understood  the  action  of  gravity 
believed  each  planet  to  possess  a  soul       .  •  • 

his  Rudolphine  tables,  motions  of  the  planets  from 
La  Cailie  and  others  measure  a  degree  of  the  meridian  in 
France   .....•• 

• .  .  •  •  •  . .  at  the  Cape 

of  Good  HojKJ  ,  .         • 

his  catalogue  of  the  fixed  stars  in  the  southern  hemi 
sphere  ...... 

account  of  his  astronomical  labours     . 
Lake  of  Geneva,  much  diminished  within  the  memo:*y  of  man 
Lakes,  general  observations  on     . 
Jxtnd  and  Sea,  general  view  of,  on  the  earth         • 

. .     lireczes,  account  of         ...  , 

. .     on  which  Alexandria  was  built,  did  not  exist  in  the  time 
of  Homer  ....... 

Landicape  on  the  coast  of  Lima,  described    .  .  . 

La  Placets  determination  of  a  lunar  inecjuality     . 

hypotheses  on  the  origin  of  the  solar  system    . 
Lnphnd,  a  degree  of  the  meridian  in,  measui-ed   by  Mauper 
tuis,  &c.  ...... 

its  forests  grow  in  a  very  low  temperature 
Latitude  of  a  place  atiects  the  duration  of  twilight 

and  longitude,  general  description  of      .  ,  . 

of  places  particularly  explained         .  ,  . 

.  •       methods  of  determining        .  .  .  ,  . 

. .       inethoils  practised  at  sea  •  .  .  • 

and  longitude  explained       ..... 

/,a/i/w<^/<'*,  terrestnal,  methods  of  determining  .  • 

Law  by  which  the  periods  of  rotation  of  all  satellites  are  re 
^ulated  ....... 
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OniKRAL  IJXDJBL 


of  the  planeUrf  orbits  \y  Boje      .  • 
•  •    of  the  tines  in  optics  by  Snell      • 
Imn  of  the  planetary  motipns  by  Kepler 


•  • 


•  • 


demonstrated  by 
Newton  • 
of  refraction  by  Kepler        '  •        .^        •        •        • 
Let^  Year,  origin  of  •         •         •  ^    "  •         ,         • 

•  •         of  the  Persians      •         •         •         •         •         • 

Ltewatff  and  plying  to  windwaid,  of     •         •         •         • 

Lnbnilz  discovered  a  Chinese  work  on  binary  arithmetic 
Length  of  the  seconds  pendulum  varies  with  place  • 

• .  of  the  French  metre,  experiments  on  •  •  • 
• .     of  a  geographical  mile     •         .         •         .         • 
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• .       hiH  form  an  oblate  spheroid,  like  the  earth 


•  • 


• .       his  ring  casts  a  shadow  on  his  surface  .         • 
• .  . .     supposed  to  be  two  or  more  concentric  rings 

.  •  . .     discovered  by  Huygens  •         •         • 

his  satellites,  and  when  discovered    •         • 

•  •  . .  one  discovered  by  Huygens         • 

•  •  . .  four  discovered  by  Cassini 

two  discovered  by  Herschell 

Hindoo  table  of 

Seahf  diagonal,  description  and  use  of      •         . 
Schehal/ion,  in  Scotland,  attraction  of  that  mountain 
Sckooi  of  Alexandria,  astronomers  of        •         .         • 
Sdenliflc  societies,  when  first  instituted  .         . 

Sea,  methods  of  finding  the  latitudes  at  • 

. .  telescopes,  not  manageable  at       .         .         , 
. .  and  land,  general  view  of,  on  the  earth     .         . 

breeses,  account  of        .         ,         . 
• .  shells  foimd  in  the  earth  on  the  tops  of  mountains 
Seas,  none  in  the  moon  •         .         •         • 

•  •    heights  of  their  surfaces  compared  .         • 

•  •  . .  not  uniform 
. .    the  equatorial  alone  nourish  perfect  loophytes    . 

Seatons,  cause  of  the  variation  iu  their  heat 

. .       the  four,  only  known  in  the  temperate  zones 
SecondM^  Pendulum ,  various  lengths  of  .  . 

shortest  at  the  equator         .         . 
Seniib/e  Horizon  distinguished  from  the  rational 
Serpeniariut,  new  star  of,  in  1604  .  .  , 

Shadow  cast  by  Venus  in  a  dark  evening 

of  Saturn's  ring  on  his  surface     .  .         • 

Skeiis  of  sea-fish,  found  in  the  earth  on  the  tops  of  mountains 
Ships f  piloting,  difficulties  of  .... 

Shooting  Stars  are  atmospheric  meteors         .         • 
Shrubs  found  growing  in  the  crater  of  Vesuvius  •         ,"] 

Siamese^  their  cycles  described  •         ,         • 

Sidereal  Txme^  its  difference  fiom  solar     .         .         • 
••  ..  ••  •• 

, .  astronomical  clocks  regulated  by 

• .    2><iy,  why  it  differs  from  the  solar  • 
. .    and  equinoctial  year  distinguished      • 
. .    revolution  of  the  moon,  period  of    .         • 
Signal^  instantaneous  mode  of  conveying  •  • 

Si^n«  of  the  Zodiac,  account  of 

. .     through  which  the  vernal  equinox  has  passed    • 
Sines  and  tangents,  tables  of,  when  first  constructed  • 

&c.  concerning  tables  of 

. .    Snell's  optical  law  of 

SiriuM,  bis  distance  from  the  earth       .         . 

Skuti,  human,  on  the  diversity  of  shapes  of      .         • 

SJ^,  it«  appearance  from  the  top«  of  mountaiui     « 
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^MdTt  taMthod  of  nemiurisig' a  degntt  on  tiM  Mrtk 

•  •    law  of  tlie  nneo  in  opdct     •        •         •        » 
Stmw,  eauM  of  nd-cokmndfUi  tho  aictic  ngioM 
jBbcMlM«,  oeientific,  when  lint  inititutod  •        • 

Stiar  Day  in  France  difibrentfirom  Bnglaad  • 

• .   why  it  diifen  tnm.  the  adcnal         •        • 
T^ne,  its  difference  from  lidenal  •         • 


•  • 


,  their  limiti,fte.  •        •        • 

annular  and  total,  conceming     •        • 
last  total  one  visible  in  London,  dflKribed 
ffreat  annulsr  one,  in  1737,  doKribad  . 
durations  at  anT  ploce^  how  ■icertsined 
•  •        longitude  found  ij  •  *      •         • 

how  calculated     .        •        •        •        < 
AtftelMS,  farmuls  for  •         •  '      •         • 

^sfflR,  its  supposed  motion  in  ipeee  • 

hypothesos  on  its  oriffm  •  •  • 
aUid  S^keret,  BudoKus'  thsoiy  of  •  •  .  • 
JBNi4*or  intdligent  principle,  aceoidiag  to  Kepler,  inheMot 

emy  planet  •        •'       •        •        •        •        • 

Amtkirm  GMfMenl, reasons forpredintiny  • 

^Sjpeewf  of  Boophytes  reqnire  diflefeht  temperaftnres 

perfect  only  in  the  equatorial  seaa 
of  quadrupeds,  rsmarks  on  • 

•  •  nyingf  oescriDea   •        •        • 

"of  man  not  different  proof  of  • 

^fkert,  circles  o^  described  •  '     •        •        •        • 
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•  • 


•  • 


•  • 


•  • 


•  • 


•  • 


•  • 


•  • 


prm' 


•  • 


•  • 


•  • 


•  •        denominated  •        •         •        • 

celestial,  description  of  its  partf         \         • 
SfpkerieaiJIffvre  of  the  earth  prOred  by  Ck>lttmbus  • 

•  •  proofii  of      .         •         • 

•  •  cases  in  which  it  afiects  the 
dplet  of  navigation  • 

and  plane  triangles  cli»tioguished 
Spherei,  solid  and  transparent,  the  planets  formerly  believed  to 

have  been  fixed  in  •         •         .       *  . 

Spheroidi  bbUte^  a  form  of  equilibrium  in  planets  of  rotation 
Spheroidai  figure  of  the  earth,  why  it  is  so     •         •         • 
Spoii  on  the  moon*s  disc,  observations  on  •         • 

on  the  suo,  their  magnitude         •         •         •         • 
•  •        prove  his  rotation  •         •         • 

.  •         Galileo's  controversy  on      •         •         # 
•  •     of  Jupiter  supposed  to  be  clouds       •         •         • 
Spring^moon  is  a  harvest-moon  in  the  southern  hemisphere 
SpriftgM  and  rivers,  general  observation  on  •         • 

Standard  measures  of  time         •         •         •         •         • 
Star  Arcturus,  proper  motion  of       •         •         •         • 
• .  morning  and  evening,  the  planet  Venus  •         • 

. .  new,  which  appeared  in  Serpentarius,  in  1604       • 
..  extraordinary,  in  Cassiopeia,  1573  •         • 

Star9f  their  magnitiules  how  characterised  • 

below  the  fifth  magnitude,  not  discernible  by  the  naked 

c^e 

their  apparent  magnitude  not  increased  by  the  telescope 

may  be  seen  in  daylight  with  a  telescope    • 

have  no  observable  diameter        •         •         • 

proper  motions  of  some,  termedjixed  • 

m  the  constellation  of  Orion,  how  named         • 

that  never  set  at  certain  places  •         • 

their  apparent  track  illustrated     • 

their  distances  cannot  be  judged  of  by  the  eye 

double  and  multiple,  an  account  of        •         • 

variable,  the  periods  of  some,  ascertained  • 

clusters  of,  and  nebuttB  •         •         •       »; 

immense  numbcn  of,  ia  the  milky  way      • 
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GENKRAL  INDEX. 

Start  and  planets,  rendered  visible  by  on  eclipse  of  the  sun 

shootini^,  are  meteors  engendered  in  the  atmosphere 
[for  continuation  of  this  article,  see  Fixed  Start] 
Stn/ure  and  form  of  nuin,  diversity  of 
Subterranean  course  of  certain  rivers         • 
Suhttancet  thrown  out  by  volcanic  eruptions 
Sulpiciut  Gaitutf  the  only  eminent  astronomer  of  the  Roman 

republic        ....••• 
SuHf  his  apparent  motion  described  •         •         • 

diameter  differs  with  the  seasons 
• .  .  •         increased  in  the  horizon 

his  proper  motion,  concerning       •         •         • 
.    his  place  on  every  day  of  the  year,  how  determined 
.    his  orbit  apparently  elliptical        .         .         • 

.  •     has  apparently  the  earth  in  one  of  its  foci 

•  and  moon,  why  oval-shaped  when  on  the  horizon 
.    his  rays  proceed  in  a  curve  which  is  concave  towards  the 

earth     .         .         •         •         • 

.  his  distance  from  the  earth,  how  ascertained  by  Aristarchua 

•  ••  ••  ••  •• 

.  his  lif;ht  reflected  from  the  earth  renders  the  moon  visible 

.  ^transits  of  Venus  and  Mercury  over       .  • 

.  . .  over  his  disc^  account  of 

.  spots  on,  their  magnitude  .         •         • 

•  . .       controversy  concerning,  with  Galileo 
his  rotation  proved  by     • 

density  of  his  atmosphere        • 

tables  of,  how  constructed  • 

Hindoo  table  of  the       •         .         • 

and  planets,  their  Hindoo  names 
SuperttUiont  connected  with  comets  • 

Surface  of  seas,  comparative  height  of  some 

of  the  earth,  changes  in,  observed 
Surifa  Siddhaniaf  an  ancient  Indian  table,  account  of 

sy'nopsis  of  that  work      .... 
Sjfmbo/t  by  which  the  sun,  moon,  and  planets,  are  represented 
Synoptit  of  the  Surya  Siddhanta     .         •         •         •         • 

Tabic  of  the  distances  from  the  sun,  periodical  revolution,  &c.  of 
the  planets  •  •  .  • 

. .  of  the  lengths  of  a  decree  of  longitude  in  diffisrent  latitudes 

•  •  of  the  velocities  of  wind  •         •         •         •         • 

• .  of  sines,  tangents,  &c.  for  ever}'  quarter-point  of  the  compass 
. .  of  corrections  for  mean  middle  latitudes         •         • 
7 ablet  oi  nutation  and  aberration  for  the  fixed  stars,  how  formed 
. .  of  the  sun,  how  constructed         •         •         •         • 
• .  of  the  moon,  how  constructed         •         •         • 
• .  of  the  planets,  how  constructed  •         •         • 

•  •  of  Chrisnabouram,  account  of  •  '      •         • 
• .  of  Narsapur,  account  of     •         •         •         •         • 
. .  astronomical,  of  the  Hindoos,  account  of  •  • 
• .  Alphousine,  history  of  their  construction       •  • 

•  •  of  sines  and  tangents,  when  first  constructed       • 
• .  of  Ptolemy,  principal  elements  of         •         •  • 

•  •  of  Tycho  Brah6,  elements  of  •         •         • 

•  •  Rudolphine,  mean  motions  of  the  planets  from         • 

•  •  of  the  Hindoos,  observations  on       •         •         • 

• .  of  the  sun,  moon,  and  planets         • 

•  •  of  the  saltness  of  the  ocean  at  different  latitudes 
• .  of  the  temperature  of  the  ocean  at  different  latitudes 
..  of  comparative  temperature  of  various  places      • 

•  •  .  •  of  the  two  hemispheres 
• .  of  the  anniial  quantity  of  rain  at  various  places 

•  •  of  traverses,  construction  of         •         •         •         • 

•  •  of  sines,  tangents,  &c.,  two  kinds  of  •         • 

•  •  for  the  conversion  of  middle  latitudes,  use  of  • 
Tabular  ffiew  of  the  principal  elements  of  the  Hindoo  astronomy 

oftheArabiaa  astconoui^ 
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Tabular  view  of  \he  heights  of  the  principal  motintaimi  on  the 

globe  •••••• 

Tails  of  Gtmfttj  ihtiw  eniraonMnary  dimerisionn      .         • 
Triit^nf/«.  tables  of.  when  first  coiiKtnicted  •  •        • 

T4r«rM,  account  of  quadrupeds  without    .  •  •  • 

Telescfipr.  stars  may  be  seen  with  it  in  daylight  •  • 

does  not  increase  the  apparent  magnitade  of  the  fixed 
STars  ••••••  • 

invented  by  (4aliIeo     .         •         .         •         • 
.  •         on  its  application  to  the  quadrant      •         •         • 

improved  by  Huygens,  &c.  .         •         •         • 
..         astronomical,  uf  100  feet  long  .         .         • 

•  •         application  of  the  micrometer  to  .         • 

. .         not  manageable  on  ship-board  •         •         • 

Temperalure  of  the  ocean,  remarks  on  •         •         • 

tables  of  at  different  latitiidM 
extreme  in  the  shade  at  farious  places         • 
.  •'  of  the  west  of  Europe,  compared  with  that  of  the 

east  of  America         .... 

comparatire  tables  of,  at  Yarious  places      • 
• .  in  the  nwthem  and  fouthem  heml 

spheres     •         .         •         • 
general,  of  the  globe,  whether  or  not  changed 
Tener^e,  its  volcano  has  five  vegetable  aonea  .         • 

TW'/Tt/ri^  latitudes,  method  of  determining  •         • 

longitudes,  methods  of  determining  •         • 


•  • 


•  • 


objects,  their  bearings  detertnined  by  astronomical 
observations  .         •         •         .         . 

T<prror  inspired  by  eclipses  in  former  times         •         •         • 
Tha/es  ^aid  to  have  invented  the  Greek  lodlac        •         • 
•  •    account  of  his  supposed  discoveries  •         •         • 

• .    taught  the  motion  of  the  earth  •         •   '      •         • 
Thforirgj  astronomical  of  Hipparchus,  account  of      •         • 
Theory  of  the  moon,  by  Ptolemy,  on  what  founded  • 

of  the  moon*s  libration,  completed  by  Cassini  •         • 
of  solid  spherexjby  Eudoxus      .  .  •         . 

of  comets,  by  Dr.  Halley      •  •  •  •  • 

of  the  tides  explained       .  •  •  •  . 

of  gravitation  dei'cndent  on  a  degree  of  the  earth    • 
• .  difficulties  in  establishing    . 

Three  bodies,  the  problem  of,  first  investigated  by  Clairault 
T^des,  theory  of,  explained      .•..,. 
. .     causes  of,  investigated       •  •  .  .  • 

, .  . .         explained       ...... 

. .     why  there  arc  none  perceptible,  either  in  the  Baltic  or 
the  Mediterranean         .  .  .  .  • 

Dmey  methofls  of  measuring  ...... 

standards  by  wliich  it  may  be  measured 


« • 

•  * 


* » 


sidereal  and  solar,  difference  of 

•  •  .  • 

mean  and  apparent,  distinguished 

•  •  •  •  • . 

equation  of,  explained 


Torrid  Zone,  causes  of  tbe  periodical  rains  in  • 

its  mountains  nourish  vegetables  of  every  climate 
contains  the  most  splendid  insects 
Tolnl  Eclipses^  observations  on     .  .  .  •  • 

last  in  London,  described    .  .  •  . 

Track  of  the  stars  in  tlie  heavens,  illustrated 
Trade-winds^  their  course  and  cause  investigated  .  • 

and  monsoons,  account  of  .  .  . 

Transit  of  Venns  over  the  sun,  determined  the  dimensions  of 
the  planetary  orbits  .  •  .  .  . 

Insfritmentj  invented  by  Rdmer         ,  •  • 

Tm/itiVf  of  Venus  and  Mtrrcury  over  the  sun     .        «        • 
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OSNRRAL  WJOX. 

TroHsUi  of  Venuiy  account  of     .         •         •         •         • 

ill  1761  and  1/69 
Traiuparettt  fpheret,  thu  imaginary  places  of  the  planeti 
Traveiling  on  land  antl  on  sea,  compariiioa  of     •         • 
Traverte  Tub/e9,  contttruction  of  .  ,  .  •         • 

TraveneSf  illustrationa  and  examples  of     •  •         • 

Trian^Uty  on  the  construction  of  •  •  •         • 

piano  and  splierical,  diytingtiished      •         . 
Tribes  of  fishes,  differ  in  different  parts  of  the  ocean       • 
jyigonometricai  Tabtet,  two  kinds      .  .  .  • 

Trochoid,  the  track  of  that  curve  exemplified 
Tropic,  ori{rin  of  the  name     .  .  .  •  . 

Tropical  and  sidereal  year,  distinguished        •  .         • 

revolution  of  the  moon,  i)eriud  of  . 

Twilight,  ohsfrvations  on    .  .  .  •  .  • 

its  duration  varies  with  the  latitude     . 
the  aiitrouomical  and  popular,  distinguished       • 
Tycho  Brah^j  account  of  his  discoveries    . 
his  diKCussions  on  comets 
opposed  the  Copernicaa  system  from  relig 
scruples  ..... 

. .  his  arguments  against  the  Copcrnican  system 

his  acquaintance  with  Kepler        •         . 
•  .  elements  of  his  tables      .         •         •         • 

Univertal  Geography,  defined  .  .  •         • 

Uranut,  the  symbol  by  which  he  is  represented        .  • 

• .     discovered  to  l)e  a  planet  by  Ilerschell    • 
••  ••  .•  .•  •• 

.  •     why  so  named  ...... 

. .     called  Geor^um  Sidus,  and  Herscliell,  why         • 
. .     ascertained  to  have  six  satellites    .  •  • 

. .     his  distance  and  magnitude  unknown  •         • 

• .     his  apparent  diameter  not  above  four  seconds  . 

FaUeyn  and  Plaint,  |;eneral  observations  on   •  • 

I'ariable  Stars,  account  of  their  periotls    . 
Fariation  in  the  heat  of  the  seasons,  cause  of  •  • 

. .       and  nature  of  parallax     .         •  •  • 

annual,  of  the  fixed  stars      .         •  .         • 

of  the  compass,  concerning        .  • 

Vegetables,  iound  in  all  climatex,  of  whatever  tem|)erature 
. .         of  every  climate   found  in  the  mountains  of 
Torrid  Zone  ..... 

Vegetation  in  the  different  zones  described  .         • 

Velocities  of  wind,  table  of  •         .  •  •  . 

Velocity  of  light  ....... 

Venomous  Reptiles,  miwt  common  in  hot  climates     .         • 
Venus,  the  symbol  by  which  she  is  repieiMtnted 

the  morning  and  evening  star    .         .         •         • 
casts  a  i)erceptible  shadow  in  a  dark  evening    • 
her  phases  first  discovered  by  Galileo  .         • 

and  Mercury,  ap^Mirent  motiouM  of  .         • 

present  all  the  phases  of  the  moon 
shine  by  reflected  light     .         • 
their  transits  over  the  sun       •         • 
contains  very  high  mountains         •         • 
her  atmosphere  similar  to  that  of  the  moon  , 

her  transits  over  the  sun's  disc,  account  of 
her  transit  over  the  sun  determined  the  dimensions 
the  planetary  orbits  .... 

transits  of,  in  1761  and  1769      .         .         •         • 
Hindoo  table  of  .  .  •  .  • 

Verdure  of  the  oases,  how  maintained  •  .  • 

Vernal  equinox,  signs  through  which  it  has  passed      • 
Vernier,  his  method  of  sub<hviding  the  quadrant     .  • 

Vesta,  the  symbol  by  which  she  is  represented    •         . 
discovered  by  Olben  in  1807      •        •        •         • 
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Fetta,  her  diameter  too  small  to  be  meaaured    •         •         • 

. .    particular  account  of  that  planet         •         •         • 
VetHviut,  shrubs  found  crowinfif  in  its  crater         • 
Vibration  of  the  pendulum,  differs  in  different  places       • 
yiew  of  the  elements  of  Hindoo  astronomy       •         •         • 
• .  •  •  Arabian  astronomy  •  • 
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l^choBrah^ 
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. .       general  observations  on    •  •  •         •  • 
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•  •     the  days  named  from  the  planets         •  .  . 
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AsTRONOaiT     • 

PuYs.  Gboo.  • 
Hist,  or  Astro. 


Pnvs.  Gkog. 
Astronomy 
Phts.  Geoo. 


PiiYs.  Grog. 
Hist,  of  Astro. 


Math.  Geoo. 
Pnvs.  Gbou.  • 


Navigation    • 
Phys.  Gkoo. 
Navigation    • 
Hist,  ov  Astro. 

Astronomy 


Pace 

.   127 

110,111 

.     44 

76 

•  114 
115 

•  115 
115 

.     44 

■  86 

.     56 

5 

•  5 
6 

.     19 

33 

.     15 

15 


27 
30 
33 
30 
36 
26 
46 
25 
21 


Hist,  of  Astro. 

Hist,  of  Astro. 
Astronomy     • 

Hist,  of  Astro. 


Astkokomy 
Pnvs.  Gf.oo. 


22— 


41 

•  41 

42 

•  44 
44 

.   116 

109 

.     4.') 

103 

.       2 

16 
.     16 

17 
.     17 

20 
.   l'J6 

42 
.     44 

67 

.     42 

43—49 

.     44 

17 
.     49 

49 


■u 


/  , 


I 


J  • 


t  • 

I 

i 


i? 


